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Glossary of key terms

Term Description

Basin There are 35 basins that drain into the Great Barrier Reef. A basin can be made
up of a single or multiple rivers (e.g., North and South Johnstone rivers belong
to one basin, the Johnstone Basin). Basins are primarily used here when
discussing the relative delivery of a pollutant to the marine system.

Catchment The natural drainage area upstream of a point that is generally on the coast. It
generally refers to the ‘hydrological’ boundary and is the term used when
referring to modelling in this document. There may be multiple catchments in a
basin.

Coastal Coastal freshwater wetlands and estuarine systems connect the land and sea

ecosystems and have the potential to influence the health and resilience of the Great
Barrier Reef. This includes the Great Barrier Reef catchment and 10% of the
Reef waters seawards of the coastline (GBRMPA, 2012). The risk assessment in
this report specifically includes floodplain wetlands (vegetated swamps and
lakes) and floodplains, in line with the scope of the Reef 2050 Catchment
Water Quality Strategy.

Management 35 basins that drain directly to the Great Barrier Reef including additional

Unit internal catchments or management units within the Burdekin, Fitzroy and
Herbert basins.

Pesticides Herbicides, insecticides and fungicides.

Region There are six natural resource management (NRM) regions covering the Great

Barrier Reef catchments. Each region groups and represents catchments with
similar climate and bioregional setting, with boundaries extending into the
adjacent marine area. The regions are Cape York, Wet Tropics, Burdekin,
Mackay Whitsunday, Fitzroy and Burnett Mary.
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Executive Summary

The Wet Tropics Regional Water Quality Strategy: Synthesis of supporting evidence consolidates the
latest scientific understanding, knowledge, and evidence about water quality issues in the Wet Tropics
Region to support the development of the Wet Tropics Regional Water Quality Strategy.

The Wet Tropics Natural Resource Management (NRM) Region in tropical northeastern Queensland is
one of six NRM regions in the Great Barrier Reef (GBR) catchment area, extending from the town of
Bloomfield in the north, south to Ingham and west to Mount Garnet, and includes the Atherton
Tablelands. The Region is a high value area with diverse terrestrial, freshwater, coastal and marine
assets. These ecosystems underpin interconnected ecological, social, economic, and culturally values,
including Indigenous heritage. Any decline in ecosystem condition, including disruption of ecological
processes, can directly affect these values. Despite comprising only 5% of the total GBR catchment area,
the Region contributes 33% of the water flowing to the GBR and is exceptional in having two World
Heritage Areas side by side — the Wet Tropics and Great Barrier Reef World Heritage Areas. The Region
supports over 250,000 people, including more than 20,000 First Nations people, with economies based
on tourism, fisheries, agriculture, and other industries.

The Wet Tropics Region contains eight major river basins — the Daintree, Mossman, Barron, Mulgrave-
Russell, Johnstone, Tully, Murray, and Herbert — each with distinct characteristics requiring tailored
management approaches. Land use across the Region is dominated by conservation areas
(approximately 56%), grazing (30.7%), and sugarcane (8.3%), with smaller areas of banana farming
(0.6%), horticulture (0.4%), dairy (0.3%), and urban development (1.9%). However, these proportions
vary significantly between basins, resulting in different water quality pressures and priorities.

Water quality in the Wet Tropics Region is principally affected by three key pollutants: dissolved
inorganic nitrogen (DIN), fine sediments, and pesticides. Current evidence indicates that pollutant loads
from the catchment to the GBR have increased substantially since pre-European settlement, with DIN
increasing by 1.2 to 5.1 times (varying by basin) and fine sediments by 1.3 to 3.4 times in the Wet
Tropics. The highest increases in anthropogenic DIN loads are observed in the Herbert and Murray
basins, while the highest increases in fine sediments are in the Johnstone, Herbert, and Tully basins.

The primary sources of DIN in the Wet Tropics Region are sugarcane areas (46% of total export), followed
by bananas (15%) and grazing (9.4%). These proportions vary significantly between basins — sugarcane
dominates DIN export in the Lower Herbert (84%), Murray (60%), Mossman (50%), and Mulgrave-Russell
(50%), while in the Johnstone and Tully, both bananas (34% and 32%) and sugarcane (33% and 35%) are
significant contributors. The Daintree is unique, with conservation land being the main source of DIN
(75%). DIN loss pathways also vary by basin, with seepage dominant in the Johnstone, Tully, Murray, and
Lower Herbert, and diffuse dissolved sources more significant in the Daintree, Barron, and Upper
Herbert.

For fine sediments, the Wet Tropics Region contributes a lower proportion of the total GBR load
compared to other regions, but specific basins such as the Herbert and Johnstone export substantial
amounts. Unlike other GBR regions where gully erosion dominates, hillslope erosion is the primary
source in the Wet Tropics (62%), followed by streambank erosion (35%). Gully erosion is limited and
primarily restricted to the Upper Herbert catchment. Conservation land is the dominant fine sediment
contributor in five of the nine basins (Daintree, Mossman, Mulgrave-Russell, Murray, and Lower
Herbert), while streambank erosion dominates in the Barron, Tully, and Johnstone. Grazing is the main
contributor in the Upper Herbert.

Pesticide risk across the Wet Tropics shows considerable spatial and temporal variation. End-of-
catchment monitoring indicates moderate risk levels in most systems, with the Murray River consistently
showing the highest risk (10.4-19% of species affected). However, sub-catchment monitoring reveals
areas of significantly higher risk, particularly in agricultural zones. For instance, Catherina Creek in the
Herbert basin showed 52.3-55.5% of species affected, demonstrating that localised risks can be
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substantially higher than indicated by end-of-catchment data. Two compounds — diuron (a PSII herbicide)
and imidacloprid (an insecticide) — are the dominant contributors to pesticide risk across the Region.

The Wet Tropics Region has been the focus of numerous water quality improvement projects over the
past five years, targeting agricultural management practices, catchment repair, and capacity building.
Evaluation of these projects has revealed several critical factors influencing success. Local-scale water
quality monitoring and feedback loops have proven effective in engaging landholders by directly
addressing the connection between farming practices and water quality outcomes. Place-based,
collaborative approaches that build trust and recognise the value of local knowledge have been more
successful than top-down approaches. Peer-to-peer learning networks and demonstration farms provide
tangible evidence of the benefits of improved practices. Economic considerations remain crucial, with
financial incentives accelerating the adoption of improved practices, particularly when they align
environmental and production goals.

Traditional Owner groups along the Wet Tropics basins have expressed aspirations to become more
involved in caring for their Country through initiatives such as establishing Ranger services. Their water
quality project interests include removing unwanted species from waterways, restoring connectivity by
removing barriers to fish movement, establishing independent water quality monitoring programs, and
developing Country-based or water quality plans specific to areas of cultural authority. Engaging
meaningfully with Traditional Owners and incorporating their knowledge and perspectives will be
essential for successful water quality improvement in the Region.

Looking forward, accelerating progress toward water quality targets in the Region will require basin-
specific strategies that target the dominant pollutant sources and loss pathways in each basin. High-
impact sub-catchments where localised water quality issues are particularly severe should be prioritised.
Continued investment in innovative technologies and methods is needed to achieve land management
improvements and water quality outcomes more efficiently. Extension and support services that build
trust, recognise local knowledge, and provide practical assistance to landholders are crucial. Alternative
funding mechanisms such as Reef Credits can provide sustainable, long-term incentives for practice
change. Finally, urban water quality issues should be addressed through improved stormwater
management, wastewater treatment, and urban planning.

The challenges facing water quality in the Wet Tropics Region are complex and varied, reflecting the
diverse landscapes, land uses, and communities within the Region. However, the accumulated
knowledge from past projects, together with growing engagement from landholders, industry, and
Traditional Owners, provides a strong foundation for future water quality improvements. The Wet
Tropics Regional Water Quality Strategy, informed by this synthesis, will serve as a 10-year roadmap to
guide targeted investment and action to improve water quality and contribute to the health and
resilience of both the Wet Tropics and GBR World Heritage Areas.

Wet Tropics Regional Water Quality Strategy: Synthesis of supporting evidence, June 2026 v2.0



1 Introduction

1.1  Background

The Australian Government funded Wet Tropics Region Landscape Repair Program is a major initiative
aimed at improving the quality of water flowing from the Wet Tropics catchments to the Great Barrier
Reef (GBR), while also delivering multiple additional benefits for the environment and local communities.
As part of the program, a Wet Tropics Regional Water Quality Strategy (the ‘Strategy’) is being
developed. The Strategy will provide a 10-year road map to support investment and prioritise
interventions to address regional impacts from land-based runoff on GBR water quality. The Strategy will
also provide clear links to the Reef 2050 Long-term Sustainability Plan Outcomes and the new Reef 2050
Catchment Water Quality Strategy (Australian and Queensland governments, 2026) and to the outcomes
of the Region’s Natural Resource Management (NRM) plan.

The development of the Strategy will be informed by this background synthesis, in combination with
engagement through meetings and/or workshops with stakeholders and landholders in each of the nine
major river basins which make up the Wet Tropics Region.

1.2 Scope and Objectives of this Synthesis Report

This synthesis of evidence (the ‘Synthesis Report’) has been compiled by C,0 Consulting as a result of a
comprehensive background literature review to inform the development of the Wet Tropics Regional
Water Quality Strategy. The purpose of this synthesis of evidence is to develop a summary of the status
of the Wet Tropics Region with respect to current ecosystem values and current condition, catchment
conditions, pollutant sources and ecosystem exposure, management options, considerations for
implementation and delivery, identification of potential priorities for achieving water quality outcomes
through application of a range of management responses and a review of recent and current water
quality programs and projects in the Region. The report includes evidence for the five river basins within
the Wet Tropics Region and a review of relevant water quality strategy and policy documents over the
last five years (typically 2019 to 2025), and project outcomes.

The key documents that informed this review are included in Table 1.

Table 1. Summary table of key documents reviewed within this Synthesis.

Document Reference

Reef 2050 Water Quality Improvement Plan (2017-2022) and Catchment | Australian & Queensland

Water Quality Strategy governments, 2018 and 2026

The 2022 Scientific Consensus Statement? Waterhouse et al. 20243,
2024b

Reef Water Quality Report Cards (2021 and 2022) Australian & Queensland
Government, 2024

Wet Tropics Waterways Report Card 2022, 2023 and 2024 Wet Tropics Waterways,

2022a, 2022b, 20233, 2023b,
2024a, 2024b

Wet Tropics Water Quality Improvement Plan (2015-2020) Terrain NRM, 2015

Wet Tropics NRM Plan? Terrain NRM, 2024
Paddock to Reef Integrated Monitoring, Modelling and Reporting Australian & Queensland
program (P2R program)3 datasets including pollutant loads and sources, Government, 2024
management practice adoption, catchment condition and social

indicators

Great Barrier Reef Spatial Management Prioritisation Waterhouse et al. 2025

! https://www.reefwgconsensus.com.au
2 https://www.wettropicsplan.org.au/
3 https://www.reefplan.gld.gov.au/tracking-progress/paddock-to-reef
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Document Reference

Reports from all major projects undertaken in each basin within the Wet Including First Person
Tropics Region for the past five years (or longer when relevant) (e.g., Tully | Consulting, 2021; Terrain

and Johnstone Major Integrated Projects and Reef Trust Partnership), NRM, 2021

including information on the outputs, outcomes and lessons learnt.

Outcomes from the Queensland Wetlands Program Walking the Department of Environment,
Landscape assessments across the Region Science and Innovation,

Queensland (from 2013) *

2 Wet Tropics Region

2.1 Regional overview

The Wet Tropics NRM Region in tropical northeastern Queensland is one of six NRM regions in the GBR
catchment area, extending from the community of Bloomfield in the north, south to Ingham and west to
Mount Garnet, and includes the Atherton and Evelyn Tablelands. It has an approximate total catchment
area of 22,000 km? and is approximately 5% of the total GBR catchment area (422,899 km?). The Region
contributes 33% of the water flowing to the GBR. The area contains unique, diverse and highly valuable
terrestrial and aquatic environments and is unique in having two World Heritage Areas (WHAs) side by
side - the Wet Tropics and GBR World Heritage Areas. It is also highly valuable from a social and
economic perspective, and in providing ecosystem services (Terrain NRM, 2015).

The Region supports a population of over 250,000 people, including more than 20,000 local Indigenous
Aboriginal people, in several urban and rural centres. The main industries include marine and terrestrial
tourism, commercial and recreational fisheries, aquaculture and agriculture. The main agricultural land
uses (based on the QLUMP 2021 land use data) are grazing (30.7% of catchment area) and sugarcane
(8.3%), followed by irrigated and dryland cropping (0.7%), banana farming (0.5%), horticulture (0.4%) and
dairy (0.3%) (Figure 1; QLUMP, 2021). Urban areas account for 1.9% of the Wet Tropics catchment area.
Land use change is also occurring in response to multiple drivers. Notably, the banana industry has been
heavily affected by Panama Disease, leading to significant declines in banana production area in several
basins since 2021; for example, in the Tully and Murray basins the area has reduced by approximately
half (ABGC, 2025). Livelihoods and lifestyle are closely linked to the climate, with some shifts across the
dominant sectors in recent years, including an overall decrease in agriculture. The health care and social
assistance industry is the largest employer in the Region (13.2%), followed by the retail trade (10.3%) and
accommodation and food services (9.8%) (Queensland Reconstruction Authority, 2022).

4 https://wetlandinfo.des.qgld.gov.au/wetlands/facts-maps/nrm-terrain-nrm/
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Figure 1. Land uses in the Wet Tropics catchment area (based on QLUMP, 2021).
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Figure 2. Proportional land use by basin in the Wet Tropics Region (based on QLUMP, 2021).
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Nine Australian Water Resources Council river basins® make up the Region. These are (from north to
south) the Daintree, Mossman, Barron, Mulgrave, Russell, Johnstone, Tully, Murray and Herbert (Figure
3). The Tully and Murray basins are often combined into one reporting basin, as numerous farms (i.e.
sugarcane and banana) cross the catchment boundaries, and many wetlands interconnect these
landscapes during flood events. The Herbert basin is divided into the upper and lower reach of the
catchment due to clear differences in land use, topography and soils.
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Figure 3. Map of the Wet Tropics NRM Region in Queensland, and its river catchments (Source: Terrain NRM).

5 http://www.bom.gov.au/water/about/riverBasinAuxNav.shtml
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Figure 4. Land use in the Wet Tropics NRM Region (Source: QLUMP, 2021, prepared by Terrain NRM, 2025).
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2.2 Regional ecosystem values

The Wet Tropics NRM Region is a high value area with diverse terrestrial, freshwater, coastal and marine
assets, including 2,427 km? of coral reefs, 4,872 km? of seagrass meadows, 345 km? of mangroves, 43
km? of salt flats and saltmarshes, and 1,257 km? of wetlands (McKenzie et al. 2024b) (Figure 5). These
ecosystems underpin interconnected ecological, social, economic, and culturally values, including
Indigenous heritage. Any decline in ecosystem condition, including disruption of ecological processes,
can directly affect these values (Newlands & Olayioye, 2024).

Around 35% of the Region is within the Wet Tropics WHA, which provides some protection to catchment
waterways. However, many freshwater ecosystems in coastal areas and developed landscapes, such as
agricultural and urban areas, are moderately to highly disturbed. This is particularly evident in the central
basins between Cairns and Ingham. Key threats include altered hydrology, loss of connectivity, habitat
degradation, declining water quality and soil health, invasive species and resource extraction such as
fishing. Climate change further compounds these pressures (Terrain NRM, 2015). Major flooding events
in 2024 and 2025 have had major impacts on the Region.

The Region’s marine and coastal assets include coral reefs, seagrass meadows, estuaries, coastal
wetlands, and islands — and the species they support. Many species of conservation concern rely on
these habitats, including dugong, humpback whales, six species of marine turtle, two seabird species,
and beach stone curlews. The Region is also home to other species that are considered rare in the GBR,
such as the Irrawaddy and Indo-Pacific humpback dolphins, which use critical marine habitats. These
marine and coastal environments provide significant ecological, social and cultural benefits, while
supporting industries such as tourism, and fisheries (Great Barrier Reef Marine Park Authority, 2024).
The Wet Tropics Region’s 510 km of coastline includes coastal wetlands (tidal and ephemeral
freshwater), estuaries and numerous coastal islands and cays which support recreational boating and
hiking, recreational fisheries as well as aquaculture ventures for prawn, barramundi and crayfish. Major
drivers of change include cyclones and storms and associated flooding events, crown-of-thorns starfish
(COTS) outbreaks, poor water quality, climate extremes, coastal development (including ports and
shipping), and their cumulative impacts (Terrain NRM, 2015).

While climate change is the greatest overall threat to the GBR, poor water quality—particularly elevated
levels of fine sediments, nutrients and pesticides—continues to have detrimental impacts and
exacerbates climate-related impacts. Good water quality is critical for ecosystem resilience and recovery
from disturbances such as coral bleaching and extreme weather events (Waterhouse et al. 2024).

The effects of land-based runoff and increased pollutant loads are most pronounced in estuarine, coastal
and inshore environments but can be evident more than 100 km alongshore from river mouths.
Ecosystems closest to the mainland are at greatest risk from chronic poor water quality, threatening
critical ecosystem services and diminishing high tourism, aesthetic, spiritual and recreational values
(Waterhouse et al. 2024b).
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Figure 5. Map of aquatic habitat types in the Wet Tropics Region (Source: Wetlands: Queensland Wetlands Program 2023, Reefs
and Marine Waterbodies: GBRMPA 2022 and Seagrass: TropWATER James Cook University, 2022. Prepared by Terrain NRM).
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2.3 Traditional Owner groups and their aspirations in the Wet Tropics
Region

The Wet Tropics WHA is the current home of at least 20 First Nations groups encompassing around 120
clans and 8 languages, with many groups having maintained an unbroken connection to their Country for
many thousands of years (Great Barrier Reef Marine Park Authority 2024; Terrain NRM, 2024) (Figure 6).

Eastern|Kuku
Yalanji'(EKY))

Western
Yalanji

Koko \
Muluridji = Yirrganydji

Malanbarra Yidinji
Bar-Barrum Ngadjonlii

Jirrbal

Warungnu Girramay.

Warrgamay

Gugu Badhun

Wulgurukaba

Figure 6. Traditional Owners in the Wet Tropics NRM Region (Source: Terrain NRM, 2024).
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2.3.1 Traditional Owner groups in the Wet Tropics Region

The Daintree basin is the Country of the Kuku Yalanji People. The Julaywarra clan of the Eastern Kuku
Yalanji People are the Traditional Owners of the great majority of the Daintree River catchment, from the
Daintree source to its mouth. The Jalunjiwarra (Saltwater People) or Jalunwarra clan of the Eastern Kuku
Yalanji People are the Traditional Owners of the Daintree Coast stretching north of the Wonga
Beach/Daintree Mouth area. The Jalunjiwarra recognise smaller family clan estates along the Daintree
Coast: from south to north these are the Kaba Kada, Kulki, Jajikal and Kangkiji-Banabila groups. The
Western Yalanji People are the Traditional Owners of the Mt Windsor Tableland, their Traditional
Country also extending far to the north, west and south. These groups speak dialects of the Yalanji
language. Many features of the Daintree River catchment and surrounding landscape have high cultural
significance for Traditional Owners. Significant places such as Blue Pool on Cooper Creek should not be
visited by non-Traditional Owners under cultural lore.

The Mossman is also within the Country of the Kuku Yalanji People. The Kubirriwarra clan of the Eastern
Kuku Yalanji People are the Traditional Owners of this area. Stretching south along the coast from the
Port Douglas area is the Country of the Yirrganydji People, who speak the Yirrgay dialect of the Djabugay
language.

Traditional Owner links are strong in the Barron basin and include the Djabugay and Yidinji People. The
cultures of the Traditional Owner Groups in this region have evolved through intensive interaction with
the land and its waterways, extending for tens of thousands of years. The lifestyle of these half dozen
Traditional Owner groups and their thirty or so Clans and multiple family groups is closely associated
with the continuous supply of water to rivers and creeks of the rainforest in the Barron basin (Terrain
NRM, 2024).

The upper catchment of the Mulgrave catchment from the river’s source to the Aloomba area is home to
the Dulabed and Malanbarra Yidinji People who speak the Yidinji language. The downstream part of the
catchment below Aloomba is the Country of the Madjandji People who speak Wanjur Madjay language.

The Madjandji People have maintained a connection throughout most of the Russell catchment, along
with the neighbouring Mamu People in the south and the Ngadjon-Jii People in the southwest of the
catchment. The catchment historically supported several Aboriginal tribes. The Bellenden Ker Range was
the traditional land of the Idinji people, the Graham Range the Wanjuru people, and the Malbon
Thompson Range to the north the Madjandji people. The two other tribes of the catchment included
Dyirridarra Mamu in the southern part of catchment at Ella Bay and Ngadjon-Jii in upland rainforest of
the Bellenden Ker Range. Traditional lifestyles and practices were adapted to respond to environmental
change, where shared lessons and customs were passed by storytelling, songlines and dance lines
through the generations to today (Tindale, 1940).

The Mamu People are the Traditional Owners of much of the mid and lower Johnstone basin. The Jirrbal
People are the Traditional Owners in some of the upper catchment (Terrain NRM, 2024).

Traditional Owners in the Tully basin include the Gulngay and Djiru People. Jirrbal People are the
Traditional Owners in some of the upper catchment areas (Terrain NRM, 2024).

Traditional Owners in the Murray basin include the Gulngay, Girramay and Bandjin People.

The Lower Herbert has been home to the Nywaigi and Warrgamay People for thousands of years. Today
the Nywaigi People own and manage a property near Forrest Beach called Mungalla, and many other
Nywaigi and Warrgamay Traditional Owners have an active role in managing and protecting the land.
Traditional Owners in the Upper Herbert catchment include Mbarbarum, Wabubadda and Gugu Badhun.

2.3.2 Traditional Owner aspirations in the Wet Tropics Region

For First Nations Peoples, freshwater movements play a crucial role in sharing stories, facilitating the

flow of culture, connecting Country and people, and providing critical habitat for resources traditionally
harvested for generations. Freshwater systems are part of First Nations' cultural identity, and there is a
continuing obligation to care for waterways and remain connected to traditional management regimes.

Wet Tropics Regional Water Quality Strategy: Synthesis of supporting evidence, June 2026 v2.0
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Cultural freshwater flows are essential for First Nations peoples to continue their spiritual relationship
with Country and are vitally important for overall health and wellbeing (Connected Land & Sea, 2025).

A core guiding principle of Traditional Owners' beliefs is the interconnectedness of land and sea,
freshwater and saltwater, rainforest and reef. Terrestrial and marine estates are not divided as
contemporary management regimes currently dictate, but are treated as a whole to be nurtured, cared
for and protected as a single, living, culturally animated entity (Connected Land & Sea, 2025).

Many Traditional Owner groups along the Wet Tropics basins have aspirations to become more involved
in caring for their Country through initiatives such as establishing their own Ranger services. The
Jabalbina Yalanji Rangers are now involved in managing much of the Daintree and Mossman basins and
surrounding areas within and to the north of, the Eastern Kuku Yalanji Indigenous Protected Area (IPA).
The Dawul Wuru Yirrganydji Rangers are involved in managing the lower coastal areas of the Mossman
basin (Terrain NRM, 2024)°.

Traditional Owners in the Wet Tropics Region have expressed several aspirations that are applicable to
the development of a Wet Tropics Water Quality Strategy and associated projects:

e  Cultural recognition and knowledge integration: Traditional Owners seek recognition and
respect as traditional knowledge holders. Protecting sacred sites, nurturing cultural practices,
languages, knowledges, customs and lore, and building cultural awareness in the wider
community are important aspirations.

e Environmental stewardship: Traditional Owners aspire to be more involved in the design,
planning, delivery, and outcomes of research activities on Country to support healthy Country.

e Economic opportunities: There is interest in eco and cultural tourism opportunities, carbon and
green economy initiatives, and fee-for-service models. Traditional Owner groups seek more
funding, delivery opportunities, and infrastructure support (boats, vehicles, and equipment) to
support their involvement.

e Workforce development: Limitations around staffing and infrastructure capacity are commonly
identified as constraints to involvement and participation. While there is broad interest in the
expansion of Ranger and junior Ranger programs, there is also a clear desire to expand learning
opportunities and career pathways beyond Ranger roles (e.g., scientific research, decision-
making positions).

e Governance and decision-making: Traditional Owners want to be part of decision-making and
management of Country. To support this, assistance is needed to help develop business plans,
Country-based plans, strategic plans and creation of IPAs on Country.

Specific water quality project interests include the removal of unwanted and introduced species from
waterways, restoring connectivity by removing barriers to fish movement, establishing independent
water quality monitoring programs, developing Country-based or water quality plans specific to areas of
cultural authority, and cross-regional knowledge exchange about water quality initiatives. Several groups
have expressed interest in learning from the Mamu Water Quality project and the Yirrganydji water
quality plan (Connected Land & Sea, 2024).

Traditional Owner groups have identified the need for improved support across the Wet Tropics,
particularly regarding opportunities to get involved in water quality projects. This includes the potential
for a facilitator position within a government or natural resource management organization who could
support Traditional Owner groups to engage more effectively with opportunities, disseminate
information about water quality work and potential funding, and assist with applications for funding and
delivery of programs (Connected Land & Sea, 2024).

6 https://www.wettropicsplan.org.au
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2.4  Community values of waterways in the Wet Tropics Region

The Social and Economic Long Term Monitoring Program’s (CSIRO) Regional Report Card and Wet Tropics
Waterways 20247 survey of 502 participants in the Wet Tropics Region reveals strong connections
between local communities and their waterways, highlighting multiple dimensions of value beyond
purely economic considerations:

Recreation emerges as a primary value, with most waterway visits motivated by recreational
purposes (89—94% across all waterway types). The most popular recreational activities include
swimming (62%), wildlife and nature appreciation (59%), picnics and BBQs (52%), and exercising
(52%). In contrast, activities like motor-powered sports (6%) and wind-powered sports (1%) are
much less common.

Visitation patterns reveal that freshwater systems and estuaries hold significant importance to
local communities. Freshwater systems support diverse recreational activities with 92% of visits
for recreational purposes, and notably, 16% of respondents visit freshwater sites more than once
a week—the highest frequency across all waterway types. Similarly, estuaries show strong
community engagement with 29% visiting every few months and 13% visiting monthly. This high
utilisation suggests that the health of freshwater and estuarine ecosystems may encourage
community stewardship.

Inshore and offshore marine environments show distinct usage patterns that differ from
freshwater systems. Coastal and inshore marine areas demonstrate more balanced visitation,
with 23% of respondents visiting approximately fortnightly and 17% visiting weekly, showing
regular but less frequent engagement than with freshwater systems. Offshore marine
environments are accessed considerably less often, with 49% of respondents visiting only once
or twice yearly, likely due to accessibility barriers and resource requirements for visitation.
Despite this lower frequency of interaction, both environments are still highly valued for
recreational purposes (94% for coastal/inshore and 93% for offshore visits).

The non-monetary benefits derived from waterways are substantial, with "experiencing nature"
rated highest (8.64/10), followed by "social opportunities" (8.22/10) and "lifestyle and
recreation" (8.13/10). This suggests that waterways provide significant quality-of-life benefits
beyond economic value.

Residents demonstrate strong emotional connection and dependence on waterways. The
highest-rated attachment factors include "would be personally affected if waterway health
declined" (8.30/10) and "importance to quality of life and wellbeing" (8.23/10), indicating that
waterways are integral to residents' sense of place and wellbeing.

When assessing economic and non-monetary values, biodiversity support ranks highest
(9.20/10), followed by existence value (8.90/10) and local recreation opportunities (8.84/10).
This suggests a community that places high value on environmental protection and ecosystem
services.

For recreational and industry uses, tourist attraction value (8.60/10) significantly outranks all
other uses including recreational fishing (7.34/10), agriculture (7.30/10), and aquaculture
(7.27/10). There's notably lower support for commercial fisheries (6.26/10) and mining, ports,
and shipping (5.56/10), indicating a community preference for less extractive and disruptive uses
of waterways.

The data reveals a community with strong ecological values that prioritises conservation, recreation, and
tourism. The high ratings across multiple value dimensions suggest that management approaches should
consider these diverse values when making decisions about waterway protection and use.

7 Social and Economic Long Term Monitoring Program’s (SELTMP) Regional Report Card and Healthy Waterways

2024
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2.5 Basin characteristics

2.5.1 Daintree basin

The Daintree basin covers 210,527 ha (2,105 km?) of Eastern Kuku Yalanji Country in the northern Wet
Tropics (Figure 7). Rising on the Mt Carbine Tableland, the Daintree River initially flows through forested
mountains within the Daintree National Park and then emerges from the national park into a largely
cleared lowland valley. The cleared lowlands consist of alluvial fans, alluvial plains, terraces and flood
plains. Much of the coastal Daintree valley is used for cattle grazing, with areas of sugarcane, rural
residential development and the small townships of Daintree Village and Wonga Beach. The Daintree
Coast stretches north from the Daintree River estuary. Here, coastal mountains overlook narrow coastal
plains, valleys, estuaries, mangroves and beaches. The coast south of Cape Tribulation contains large
areas of lowland rainforest, as well as tropical fruit farms, nature-based tourism and rural residential
development, while further north the Bloomfield Track winds through undeveloped coastal ranges and
plains. There is a high diversity of wetlands in the Daintree catchment, including three wetland areas
listed as Wetlands of National Significance (Terrain NRM, 2024)8,

The basin has an annual average rainfall of 3,045 mm, typically concentrated within the ‘wet season’
months (December to April), although it also receives regular rain throughout the year. The annual river
discharge to the coast is 2,887,000 ML (Australian & Queensland Government, 2024).

The Daintree basin has a high proportion of conservation land (86%, QLUMP, 2021) (Figure 7) and around
88% of the Daintree catchment is protected within National Park and/or the Wet Tropics WHA. Modified
areas occur mostly in the lower coastal valleys and plains. These include grazing (~8%), mostly in the
lower Daintree, Stewart and Douglas valleys, sugarcane (~2%) in the lower Daintree, urban (~1%)
particularly at Wonga Beach and Daintree Village, and ~1% other uses (Figure 2 and Figure 7; QLUMP,
2021). Daintree National Park is famous for its protected rainforest areas and is very important for
regional tourism and recreational use. The catchment supports a wide range of land and water based
recreational activities that are important to the local lifestyle (Terrain NRM, 2024).

8 https://www.wettropicsplan.org.au
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Figure 7. Land uses in the Daintree basin. Land use data from QLUMP (2021).

Landscape areas created through the Walking the Landscape workshops (Terrain NRM, 2024°):

— National Park headwaters (Upper Daintree, Smith, Dagmar East and West, Bargoo, Bargoo North,
Adeline, Rodoni West sub-basins)

— Timbi and Paterson sub-basins

— Boolbun sub-basin

— Rodini, Adastra, Moase, Lewin, Kobi, Ronald, Duncan, Lucas, Devil Devil, Landers sub-basins

— Hilda and Gold sub-basins

— Niau, Little Niau, Martin and Keily sub-basins

— Stewart (including Douglas Creek) sub-basin

— Daintree Village (Allanton, Luttra and Barratt sub-basins)

— Wonga sub-basin

— North Daintree Coast (Cowie, Melissa, Tachalbadga, Emmagen sub-basins)

— Cape Tribulation (Mason, Myall) sub-basin

— Noah and Cooper sub-basins

— Hutchinson and Alexandra

— Forest Creek sub-basin

2.5.2 Mossman basin

The Mossman basin has a relatively small footprint covering 47,678 ha (477 km?) in the northern Wet
Tropics (Figure 8; QLUMP, 2021). It consists of five major hydrological systems — Saltwater Creek,
Mossman River, Port Douglas estuarine zone, Mowbray River/ Spring Creek and the short coastal
catchments between Yule Point and Palm Cove. Most of the area is Eastern Kuku Yalanji Country, with
the Short Coastal Catchments section within Yirrganydji Country. The Mossman River is the major system

% https://terrainnrm.maps.arcgis.com/apps/MapSeries/index.html?appid=6c2d8d83c7c5481f8e54fc32c7fcebdl
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in this basin with its headwaters rising on the Mount Carbine Tableland in the Great Dividing Range. The
river flows through a deeply incised valley in the Daintree National Park and through the Mossman
Gorge, and discharges into the Coral Sea between Newell Beach and Cooya Beach (Terrain NRM, 2024).

While the Mossman basin is characterised by short, steep systems, there are corridors of riverine
wetland ecosystems fringing Saltwater Creek and the Mossman and Mowbray rivers on the coastal
plains. There is more extensive wetland development in the estuarine zone of the lower Saltwater,
Mossman and Mowbray systems as well as Dickson Inlet and low-lying coastal areas to its west. The soils
of the area are formed on granite, low grade metamorphics, and on mixed alluvium (Terrain NRM, 2024).

Rainfall in the area is typically high with an annual average of 2,376 mm typically concentrated in the
‘wet season’ (December to April) although the Region does receive good rain throughout the year.
Annual river discharge to the coast is 505,000 ML (Australian & Queensland Government, 2024).

The upper reaches of the Mossman basin are relatively undeveloped, but the coastal areas are mostly
cleared of native vegetation (Figure 8). The majority of land use in the Mossman basin is nature
conservation (73%) and protected within the Daintree, Mount Lewis, Mowbray and Macalister Range
National Parks and/or the Wet Tropics WHA. Almost the entire upper Saltwater and Mossman
catchments and much of the upper Mowbray are forested areas protected within national park, while
there are also significant natural areas in the tidal wetlands along the coast. Mossman Gorge is a
significant tourist attraction with many tourists visiting each year. The coastal plains and parts of the
upper Mowbray (particularly the Finn Creek sub-catchment) are largely cleared, with sugarcane the
largest commercial land-based activity (~9%) with the remaining land uses being grazing (~6%), urban
(~5%), and other uses (~2%) such as small rural lifestyle blocks and mixed farming (including organic
agriculture, aquaculture, banana and other small commercial operations) (Figure 2 and Figure 8)
(QLUMP, 2021; Australian & Queensland Government, 2024; Terrain NRM, 2024). The coastal town of
Port Douglas is the largest population centre in the catchment with 5,582 residents, Mossman being the
second largest with 1,935 residents and several small coastal townships following thereafter (Cooya
Beach, Newell Beach and Oak Beach) (Australian Bureau of Statistics, 2021).

Landscape areas created through the Walking the Landscape workshops (Terrain NRM, 2024 19):

— Platypus, top of South Mossman, top of Cassowary, top of Marr, top of Carson
— Carson

— Floodplain of Marr, South Mossman and Cassowary

— Newell and Cooya Beach coastal

— Crees North of Port Douglas

— Crees at Craiglie and Port Douglas

— Finn

— Upper Mowbray, Kauri, Robbins, Collard and Spring

— Little Mowbray, Rocky, Lower Spring and Lower Oak Coastal

— Oak Beach

10 https://terrainnrm.maps.arcgis.com/apps/MapSeries/index.html?appid=9f0f4ae58d5f46f694fa8ef5fcc52ead
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Figure 8. Land uses in the Mossman basin. Land use data from QLUMP (2021).

2.5.3 Barron basin

The Barron basin is a large complex basin in the Wet Tropics that covers 218,825 ha (2,188 km?), with a
diverse landscape. The Barron basin is located in the central section of the Wet Tropics Region and lies
largely inland, with only a small coastal fringe (Figure 9). The basin is divided into two main sections, the
upper reaches in the Atherton Tablelands, above the Barron Falls, and the lower reaches in the narrow
coastal plain. The Tablelands section has a large catchment area comprising numerous sub-catchments
that flow into the Barron River and is a major agricultural region. The lower reaches of the Barron River
cross to the coast north of Cairns, and consists principally of urban and agricultural land use (Terrain
NRM, 2024). Traditional Owner groups in the area include the Djabugay and Yidinji People.
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The headwaters of the Barron basin start within the World Heritage listed Mount Hypipamee National
Park with the western edge rimming the Great Dividing Range consisting of Forest reserves. The Eastern
rim goes through the Wet Tropics WHA including Danbulla, Dindin, Barron Gorge and Kuranda national
parks. The Eastern edge consists of the Bellenden Ker, Lambs and Macalister Range’s. These national
parks protect mountains and foothills covered in rainforest and open forest. The current extent of
wetland systems within the Barron basin has been dramatically modified through drainage and
vegetation clearing and is being replaced with agriculture. The significant wetlands within the basin are
Lake Eacham, Lake Euramo, Hypipamee Crater, Hasties Swamp, Nardellos Lagoon, Barney Springs,
Tinaroo Dam and Seven Sister. Other important wetlands are mangrove and freshwater wetlands in the
Barron Delta and the Cattana Wetlands near Smithfield. The soils of the area are formed on granite,
basalt and low-grade metamorphic rocks, on mixed alluvium (Terrain NRM, 2024).

Rainfall averages 1,611 mm a year, which results in river discharges to the coast of about 879,000 ML
each year. Rainfall totals are typically concentrated in the ‘wet season’ months (December to April)
although the Region also receives regular rain throughout the year (Australian & Queensland
Government, 2024; Terrain NRM, 2024).
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The main land uses are conservation (~35%), grazing (~31%), forestry (~11%), urban (~6%), sugarcane
(~4%), cropping (~3%) and horticulture (~3%) (Figure 2 and Figure 9; QLUMP, 2021). Agricultural
production is mostly located in the west, with national parks and state forests found in the centre and
near the coast (Figure 9). Agriculture consists of potato, maize and peanuts but it is changing to newer
crops such as sugarcane, grasses, chia and cereals. There is also significant horticulture with avocado and
banana becoming the dominant crops. Other crops consist of mangoes, blueberry, macadamia nuts,
custard apples, and passionfruit. Its population is largely concentrated within the towns of Mareeba
(11,825) and Atherton (7,724) ( Australian Bureau of Statistics, 2021).

Landscape areas created through the Walking the Landscape workshops (Terrain NRM, 2024 11):
— Unit 1 (within the Herberton Range National Park)

— Unit2

— Unit 3 - Gwynne & Leslie Creek

— Unit 4 - Peterson & Wright Creek

— Unit 5 - North East Tinaroo

— Unit 6 - Upper Sylvia, Carrington, Mazlin & Spring Creek
— Unit 7 - Hasties Swamp

— Unit 8 - Irrigation Area (Atherton & Tolga)

— Unit 9 - Basalt Flows - north of Mareeba

— Unit 10 - Granite Creek

— Unit 11 - Emerald, Cobra & Tinaroo Creeks

— Unit 12 - Ephemeral systems on old loamy soils

— Unit 13 - Flaggy & Oak Creeks

— Unit 14 - Davies & Clohesy Creeks

— Unit 15 - Kuranda surrounds

— Unit 16 - Tinaroo & Irrigation System

2.5.4 Mulgrave catchment

The Mulgrave catchment is located just south of Cairns in the Wet Tropics Region and is home to the
Dulabed and Malanbarra Yidinji People (upper catchment) and the Wanyurr-Majay People (downstream
part of the catchment). The basin is 131,500 ha (1,315 km?) in area and consists of highly diverse
landscapes, including forested mountains and valleys, grazing areas, rural residential, urban and
sugarcane farming areas (Terrain NRM, 2024; Figure 10). With headwaters at Mt Bartle Frere, the
Mulgrave joins the Russell River near Deeral and flows into the GBR via Mutchero Inlet (Terrain NRM,
2024). It is typically reported with the Russell catchment to form the Mulgrave-Russell basin of the Wet
Tropics WHA, including the Wooroonooran National Park, the Gadgarra and Little Mulgrave national
parks, the Malbon Thompson Forest Reserve, Malbon Thompson Conservation Park and part of Russell
River National Park in the east. There is a range of significant wetlands in the Mulgrave catchment (with
two wetlands in the upper catchment listed as nationally important wetlands) including the West
Mulgrave Falls and Lake Barrine in the upper catchment, and extensive riverine wetlands, swamps, and
mangrove forests in the lowlands. The Mulgrave catchment has a range of different geologies and soils,
such as granite in the higher ranges, metamorphic rock on the western and central sections, basalt on
the southwest, and mostly alluvial at the lower Mulgrave. The lower, tidal section of the Mulgrave and
Mutchero Inlet are dominated by estuarine and deltaic deposits of sand, silt and clay (Terrain NRM,
2024).

The Mulgrave catchment is one of the wettest basins within the Wet Tropics (ranging from 2,000 mm a
year in the lower sections, up to 8,312 mm at the summit of Mt Bellenden Ker), with an average annual
rainfall of 3,208 mm and an annual river discharge to the coast of 4,246,000 ML (in combination with the

11A
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Russell catchment). Rainfall is typically concentrated in the ‘wet season’ months (December to April)
(Terrain NRM, 2024).

The Mulgrave catchment has a high proportion of conservation lands (65%) mostly on the steep slopes
and protected coastal wetland areas within the Wet Tropics WHA, including the Wooroonooran National
Park, the Gadgarra and Little Mulgrave national parks, the Malbon Thompson Forest Reserve, Malbon
Thompson Conservation Park and part of Russell River National Park in the east. National parks in the
Mulgrave catchment are well known for their protected rainforest areas and are important for tourism
and recreational use. The remaining area, largely in the lower valley is comprised of sugarcane (12%),
grazing (1%), urban (6%) and minor areas of other cropping and services (Terrain NRM, 2024) (Figure 10).
At the northern end of the basin are the city of Cairns (population ~170,000) and the Trinity Inlet. The
Indigenous Yarrabah community with a population of approximately 1,300 people is located on the coast
to the east of Cairns (Australian Bureau of Statistics, 2021).
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Figure 10. Land uses in the Mulgrave-Russell basin. Land use data from QLUMP (2021).
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Landscape areas created through the Walking the Landscape workshops (Terrain NRM, 2024 12):

— Upper Mulgrave, Luscombe, Kearneys Falls, West Mulgrave, Stallion, lower Butcher and lower
Toohey sub-basins

— Upper Butcher and upper Toohey sub-basins

— Main Mulgrave River Channel from upstream end to Fanning Town

— Uhr and Huntsbrook sub-basins

— Pilba Creek and Little Mulgrave sub-basin

— Fisheries area (including Peetes Creek and main channel from Fanning Town to Blackwell Creek)

—  Blackwell sub-basin

— Gordonvale and Pyramid areas

— Aloomba area (including Kennys Hole and Sandy Creek)

— Upper Behana sub-basin

— Lower Behana

— Wetland area south of “Rossiville” bends

— Mulgrave main channel from Behana mouth to Fishery Creek mouth and eastern side of river

— Fishery Creek and Fig Tree Creek sub-basins

— Southern part of Malbon Thompson Range catchment

— Mouth of Mulgrave downstream from Munroe Creek

2.5.5 Russell catchment

The Russell catchment is located south of Cairns and is 66,900 ha (669 km?) in area, amounting to 3% of
the Wet Tropics Region (Terrain NRM, 2024). The Madjandji People have maintained a connection
throughout most of the Russell catchment, along with the neighbouring Mamu People in the south and
the Ngadjon-Jii People in the southwest of the catchment, and the catchment historically supported
several Aboriginal tribes. It is typically reported with the Mulgrave catchment to form the Mulgrave-
Russell (or sometimes referred to as the Mulgrave-Russell) as the two rivers join upstream of the coast
near Deeral and flow into the GBR via Mutchero Inlet (Figure 10).

The Russell catchment contains several wetlands that are listed on the National Directory of Important
Wetlands including the Alexandra Palm Forest, Eubenangee Swamp, Wyvuri Swamp and Ella Bay Swamp.
The soils of the eastern area are formed on granite, basalt and low-grade metamorphic rocks, on mixed
alluvium. The upland soils exhibit many properties characteristic of the humid tropics such as thick sola
(Terrain NRM, 2024).

The topography of the range influences the rainfall in this catchment and the Russell is one of the
wettest catchments in the Region. It receives between 2,801 and 7,601 mm each year, with an average
annual rainfall of 3,208 mm and an annual river discharge to the coast of 4,243,000 ML (in combination
with the Mulgrave basin) (Australian & Queensland Government, 2024; Terrain NRM, 2024).

The Russell catchment has a high proportion of conservation lands (~72%), mostly around the steep
slopes and protected coastal wetland areas, including national parks such as Wooroonooran, Ella Bay,
Russell River and Eubanangee Swamp (Terrain NRM, 2024) (Figure 10). National parks in the Russell
catchment are well known for their protected rainforest areas and are important for tourism and
recreational use. The remaining area, largely on the floodplain, is comprised of sugarcane (~13%), grazing
(~8%), urban (~3%) and minor areas of other cropping and services (Figure 10). The Russell catchment
area is home to around 1,700 people mostly in the towns of Babinda (1,113) and Mirriwinni (221)
(Terrain NRM, 2024). The catchment supports a wide range of land and water based recreational
activities that are important to local lifestyle (Terrain NRM, 2024).

Landscape areas created through the Walking the Landscape workshops (Terrain NRM, 2024 3):

12 https://terrainnrm.maps.arcgis.com/apps/MapSeries/index.html?appid=91bc02567792467c9307ba553367b459
13 https://terrainnrm.maps.arcgis.com/apps/MapSeries/index.html?appid=85b6f348f55643e78240ce1a16c91062
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— National Park headwaters

— Josephine and Woopen Creeks
— Alice River / Eubenangee

— Russell River Main Channel

— Babinda Swamp Drainage Area
— Babinda Creek / Happy Valley
— Cod Fish Creek / Bellenden Ker
— Russell River NP / East Russell
— Graham Range

—  Wyvurie

2.5.6 Johnstone basin

The Johnstone basin covers an area of 231,650 ha (2,317 km?) (QLUMP, 2021). The Mamu and the Jirrbal
Peoples are the Traditional Owners of most of the catchment. The Johnstone River basin has three
distinct areas: the upper (tablelands or hinterland) area, the middle (the Range or World Heritage) and
the lower (coastal or floodplain) area. The two key tributaries that discharge into the GBR lagoon are the
North Johnstone and South Johnstone Rivers (Terrain NRM, 2024; Figure 11).
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Figure 11. Land uses in the Johnstone basin. Land use data from QLUMP (2021).

The mean annual rainfall is 3,244 mm (ranging from 1,500 and 4,800 mm across the basin), with an
annual river discharge to the coast of 4,821,000 ML. Rainfall is strongly seasonal, with 80% occurring
during the wet season from December to May (Australian & Queensland Government, 2024; Terrain
NRM, 2024).

The Johnstone basin area has a relatively high proportion of conservation land (56%). The remaining area
consists of grazing (~23%), sugarcane (~11%), urban (~3%), and other land uses including dairy (2%; in
the upper catchment), bananas (2%), horticulture and other minor land uses (Figure 2 and Figure
11Figure 10) (QLUMP, 2021). The upper section of the North Johnstone River basin contains dairy, beef
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grazing, sugarcane, and horticulture (potatoes); the middle area is characterised by steep forested areas,
much of which is in the Wet Tropics WHA; and the lower reaches are characterised by low sloping hills
and coastal floodplains. These lower areas contain the majority of the agricultural areas and include the
larger townships of Innisfail (7,173) and South Johnstone (456), while the townships of Millaa Millaa
(523) and Malanda (2,000) are in the upper section (Australian Bureau of Statistics, 2021).

Landscape areas created through the Walking the Landscape workshops (Terrain NRM, 2024 %4):

— World Heritage Area

— Nerada/East Palmerston
— Innisfail/South Johnstone
— Vasa Views/Daradgee

— Nind's Creek

— Central South Johnstone / Mena Creek
— Moresby

— Moresby Estuary

— Liverpool Creek

— Nyleta Creek

— Warrabullen

— North Maria

— South Maria

— Kurramine Beach NP

2.5.7 Tully basin

The Tully Basin has an area of 166,845 ha (1,668 km?) (QLUMP, 2021), with Traditional Owner groups
including the Gulnay, Djiru and Jirrbal People (Terrain NRM, 2024). The Tully Basin is steep in its upper
areas, which are primarily occupied by tropical rainforest and sclerophyll forests (mostly within the Wet
Tropics WHA), while the coastal floodplain has largely been cleared and drained for agricultural purposes
(Figure 12). Streams emerge from the coastal mountain range with high velocities and volumes resulting
from rainfall events. Koombooloomba Dam is located in the upper catchment and is used for power
generation (Terrain NRM, 2024).

Wetlands and other aquatic habitats that are substantially upstream in the Tully basin and its major
tributaries still retain strong levels of connectivity with the estuarine and marine environment. Most of
the remaining wetlands are palustrine wetlands occupying ~47% of the wetland area, followed by
estuarine wetlands (~20% of wetland area). Around 17% of the wetland area in the Tully basin is
considered to be artificial or highly modified (DESI, 2022a). Wetlands listed in the Directory of
(Nationally) Important Wetlands include Tully River-Murray River floodplains and Licuala Palm Forest.
Dominant geology consists of old highly weathered granites, limited amounts of basalt at elevation,
metamorphic fractured rocks, alluvium of varying sands and silts, unconsolidated muds, mudrocks and
coastal sand deposits (Terrain NRM, 2024).

The Tully basin is a high rainfall area, with mean annual rainfall of 2,843 mm (but ranging between 2,000
and 4,000 mm across the basin). Annual average river discharge to the coast is 3,527,000 ML (Australian
& Queensland Government, 2024; Terrain NRM, 2024).

The Tully Basin has a high proportion of conservation land (~73%) (QLUMP, 2021). Around 66% of the
catchment is protected in national parks, conservation parks and forest reserves, including the Tully Falls,
Tully Gorge, Clump Mountain, Girramay and Koombooloomba National Parks and Koombooloomba
Conservation Park. The remaining area is comprised of sugarcane (~12%), grazing (~7%), banana (1.1%;
ABGC, 2025), forestry (1.7%), urban (~1%), and other crops and minor land uses (Figure 2 and Figure 12;
QLUMP, 2021). Popular recreational uses in the area include fishing, hiking, and other outdoor activities

14 https://terrainnrm.maps.arcgis.com/apps/MapSeries/index.htm|?appid=636c8deb3b00483c9c51be43e8846038

Wet Tropics Regional Water Quality Strategy: Synthesis of supporting evidence, June 2026 v2.0
23


https://terrainnrm.maps.arcgis.com/apps/MapSeries/index.html?appid=636c8deb3b00483c9c51be43e8846038

(Australian & Queensland Government, 2024; Terrain NRM, 2024). The population is largely

concentrated within the town of Tully (2,368).
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Figure 12. Land uses in the Tully basin. Land use data from QLUMP (2021).

Landscape areas created through the Walking the Landscape workshops (Terrain NRM, 2024 %°):

Koombooloomba
Cochable Creek

Jarra Creek

Tully Valley

Echo Creek

Davidson Creek

Boar, Brick and Michael Creeks
Banyan Creek

Tully Syndicate

Euramo

Lower Tully / Hull Heads
Mission Beach

2.5.8 Murray basin

The Murray basin has an area of 112,503 ha (1,125 km?) (QLUMP, 2021) in the southern section of the
Wet Tropics Region, and is part of Gulngay, Girramay and Bandjin Country. The Tully and Herbert basins
are located to the north, west and south of the Murray, and just off the coast to the east is Hinchinbrook
Island (the largest island national park in Australia). The majority of the waterways in this basin are short
and steep due to the narrow topography. The Upper (North) Murray River joins the Murray River before

15 https://terrainnrm.maps.arcgis.com/apps/MapSeries/index.html?appid=ef84598ac52a48d9821e133bc21f05ef
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flowing down the slopes into flatter agricultural land and into estuaries out into the GBR (Figure 13). The

other main rivers in the Murray basin are the Kennedy and Meunga creeks (Terrain NRM, 2024).
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Figure 13. Land uses in the Murray basin. Land use data from QLUMP (2021).

The Murray basin contains large areas of national parks and state forests, and it also falls within the
Girringun Indigenous Protected Area (GIPA). Of its wetland area, ~58% is comprised of estuarine
wetlands, followed by palustrine (~¥37%) (DESI, 2022a). There are numerous wetlands listed on the
National Directory of Important Wetlands, and several culturally important Fish Habitat Areas. The
geology consists of steep granite formations, resistant to weathering that create high runoff ‘flashy’
areas with rapid flow, in the upper part of the basin. The remaining area is made up of permeable silts,
sands, gravels and alluvium. The geology of the lower coastal tidal and supratidal flats, mangrove,
saltpans and grasslands consists of silt, mud and sand (Terrain NRM, 2024).

The Murray basin is a high rainfall area, with an average annual rainfall of 2,377 mm (ranging between
1,999 and 3,201 mm), typically concentrated in the summer months (December to April), although the
basin receives regular rainfall throughout the year. The annual river discharge to the coast is 1,544,000
ML (Australian & Queensland Government, 2024; Terrain NRM, 2024).
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The main land use in the Murray basin is conservation land (~62%). Other major land uses include
sugarcane (~17%) in the north, forestry (~9%), and grazing (~7%) on native vegetation (Figure 2 and
Figure 13; QLUMP, 2021). Other land uses include horticulture (~1%,; including bananas and mangoes),
urban (1%), and other minor land uses (Figure 13). The population is largely concentrated within the
town of Cardwell (1,320) (Australian Bureau of Statistics, 2021).

2.5.9 Herbert basin

The Herbert Basin covers an area of 985,181 ha (9,852 km?), making up about 45% of the Wet Tropics
Region (QLUMP, 2021), and has been home to the Nywaigi and Warrgamay People for thousands of
years. With its headwaters in the Great Dividing Range on the Southern Atherton Tableland, the Wild
River (near Herberton) and the Millstream become the Herbert River near the town of Innot Hot Springs.
The Herbert basin is divided into the upper and lower reach of the catchment due to clear differences in
land use, topography and soils (Terrain NRM, 2024; Figure 14). The Upper Herbert accounts for two-
thirds of the catchment area (672,122 ha; 6,721 km?) and the Lower Herbert covers 313,059 ha (3,131
km?) (QLUMP, 2021).

Around 25% of the basin is protected in national parks and state forests, including the Girringun National
Park, Kirrama National Park, Koombooloomba National Park, Paluma Range National Park, and other
smaller National Parks and state forests including Abergowrie, Herberton Range, Ingham, Lannercost,
Paluma, Ravenshoe, The Bluff and Tumoulin. The Herbert basin contains the largest area of wetlands in
the Region, of which almost half (~48%) are riverine wetlands, followed by around 24% that are
estuarine, and 24% that are palustrine (DESI, 2022a). There are several wetlands that are listed on the
National Directory of Important Wetlands, including Bambaroo Coastal Aggregation, Blencoe Falls
(Blencoe Creek), Herbert River Floodplain, Herbert River Gorge, Innot Hot Springs and Yuccabine Creek.
There are also three Declared Fish Habitat Areas in the Herbert Catchment: Cattle-Palm Creek, Halifax
and Hinchinbrook. Dominant geology in the Upper Herbert consists of granite and alluvium in river and
creek flats with some underlying basalt in places and fine clayish alluvial soils in coastal floodplains
(Terrain NRM, 2024).

There are dry and wet regions within the basin, with rainfall increasing towards the coastline. Rainfall
ranges between 701 mm per year in the dry regions and 3,201 mm in the coastal areas, with an average
annual rainfall of 1,268 mm, and annual river discharge to the coast of 5,081,000 ML (Australian &
Queensland Government, 2024; Terrain NRM, 2024).

Land uses in the Herbert basin consist of grazing (~50%), conservation land (~32%), sugarcane (~8%),
forestry (~¥5%), and other minor land uses (Figure 2 and Figure 14; QLUMP, 2021). The upper part of the
basin (north-western section upstream of the Herbert River Falls) is highly utilised for cropping,
especially potatoes and hay. The area closer to Innot Hot Springs underwent an expansion of sugarcane,
and dairy is continually reducing. There are also extensive grazing areas in the western area of the upper
basin and much of the area was subject to historic alluvial tin mining. The intermediate basin includes
the Herbert River Gorge and consists mostly of national parks, state forests and other State land, some
within the Wet Tropics WHA. The lower basin is the river delta or floodplain and is characterised by
regular inundation from flooding. Many of the streams and tributaries discharge directly into Halifax Bay.
The lower catchment is dominated by sugarcane and there is some irrigation in the southern-most area
of the catchment (Terrain NRM, 2015). The Herbert basin is home to around 18,000 people, 75% of
whom reside in the lower floodplain area, mainly in the town of Ingham (4,455) and surrounding beach
settlements of Lucinda, Forrest beach and Taylors beach (Australian Bureau of Statistics, 2021).
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Figure 14. Land uses in the Herbert basin. Land use data from QLUMP (2021).

Landscape areas created through the Walking the Landscape workshops (Terrain NRM, 202416):

— Wet Ranges

— Middle Herbert

— Long Pocket

— Lannercost

— Stone River

— Spring/Francis Creek

— Upper Cattle & Cattle Creek Wetland
— Bambaroo

— Insulator Creek

— Lower Cattle Creek System
—  Orient

16 https://terrainnrm.maps.arcgis.com/apps/MapSeries/index.html?appid=f10d789f31e245fc8fb5c634f27e8bac
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— Palm Creek System

— Mungalla & Mandam Wetlands
— Halifax/Lucinda

— Trebonne

— Ripple Creek

— Macknade

— Seymour

3 Ecosystem condition

3.1 Freshwater and coastal ecosystems

Freshwater and coastal ecosystems along the GBR catchment support critical processes such as the
distribution and cycling of sediments, nutrients and water, and facilitate connectivity, including by
providing feeding, breeding and nesting habitats for many species. Intact coastal ecosystems can help
mitigate coastal erosion and decrease sediment and nutrient loads entering the GBR. These ecosystems
also hold deep material and cultural significance for First Nations peoples, who have served as traditional
custodians of these places for millennia (Great Barrier Reef Marine Park Authority, 2024).

Based on 2019 Wetland/nfo'” extent data (Version 6), the Wet Tropics Region has over 135,000 ha of
freshwater and estuarine wetlands, accounting for around 6% of the total catchment area (Figure 15).
Along the GBR, the Wet Tropics Region has experienced some of the most substantial historical losses
and/or modifications in wetland extent (~¥32%; Figure 16). Vegetated freshwater swamps have been
most affected, with less than half (46.3%) of their pre-clearing natural unmodified extent remaining'®
(Figure 17). Mangroves and/or salt flats have lost around 8% of their extent, and lakes have been
relatively untouched with 99.9% of their pre-clearing extent remaining (Queensland Herbarium and
Biodiversity Science, 2019). Between 2017 and 2019, there has been further loss and/or modification of
18.6 hectares of natural wetlands in the Region, of which 98% was from natural vegetated freshwater
swamp wetlands, and the remainder from natural mangroves and/or salt flats. Overall for the Wet
Tropics, the recent levels of wetland loss were ranked as ‘Good’, which is an improvement on the 2013
to 2017 assessment where the Wet Tropics was ranked as ‘Moderate’ (Queensland Herbarium and
Biodiversity Science, 2019).

At the basin scale, historical wetland losses and/or modification up to 2019 ranged from 22% in the
Daintree to 49% in the Tully (Department of Environment, Science and Innovation, 2022b; McKenzie et
al. 2024a). The highest proportional wetland loss historically, and more recently between 2017 and 2019,
has been in the Tully, was categorised as ‘Moderate’ in the most recent 2019 assessment. The Barron
was classed as ‘Very Good’ in the 2019 assessment with no wetland loss, and all other basins were
categorised as ‘Good’ (Queensland Herbarium and Biodiversity Science, 2019).

Major historical and ongoing threats to wetlands in the Region include landscape modification,
expanding urban land uses and transport infrastructure (roads), intensive land uses for agriculture and
mining, and increasing temperature and salinity from climate change. These threats can lead to water
pollution (runoff of fine sediments, nutrients, pesticides and other pollutants that flush into wetlands
through surface runoff and groundwater drainage), introduction and spread of aquatic and terrestrial
invasive species, and altered hydrological connectivity (Adame et al. 2019; McKenzie et al. 2024a).

7 https://wetlandinfo.des.gld.gov.au/wetlands/

18 Note that the wetland pre-clear mapping is a derived dataset, as there was no aerial survey or detailed inventory pre-clearing,
and therefore there are limitations with the scale and accuracy of the data. Additionally, actual wetland loss between years is
very difficult to determine and the wetland change methodology may sometimes attribute changes in vegetation loss as
complete.
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Figure 15. Area of each wetland type in the Wet Tropics basins. Data from 2021 extent data (Version 7) (Source: DETSI 2024).
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Figure 16. Area of wetlands remaining in 2019 and extent of loss and/or modification up to 2019 in Wet Tropic basins. Data
based on total 2019/pre-clear?® percentages and excludes artificial and highly modified wetlands (Source: Department of
Environment, Science and Innovation, 2022a).
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Figure 17. Percentage of natural or slightly modified wetlands remaining in 2019 compared to the pre-clearing wetland extent?°.
Data based on total 2019/pre-clear percentages and excludes artificial and highly modified wetlands (Source: Department of
Environment, Science and Innovation, 2022a).

3.1.1 Freshwater wetlands

Freshwater wetland coastal ecosystems include riverine, palustrine (vegetated swamps) and lacustrine
(lakes) environments. Freshwater wetlands are an important part of the landscape. They provide habitat
and breeding areas for a wide variety of species, as well as connection between terrestrial, freshwater
and marine ecosystems. Wetlands are highly productive ecosystems that store carbon, nitrogen and
phosphorus, and remove nitrogen from the atmosphere (denitrification) (Great Barrier Reef Marine Park
Authority, 2024).

Based on 2019 Wetland/nfo® extent data (Version 6), there are 79,488 ha (794.9 km?) of freshwater
wetlands in the Wet Tropics, including 39,617 ha (396.2 km?) of riverine wetlands, 39,306 ha (393.1 km?)

19 https://wetlandinfo.des.qld.gov.au/wetlands/
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of natural and near-natural palustrine wetlands, and 565 ha (5.7 km?) of natural and near-natural
lacustrine wetlands (Figure 15) (Department of Environment, Science and Innovation, 2022b).

According to the Reef Water Quality Report Card for 2021-22, freshwater floodplain wetlands in
catchments of the Wet Tropics NRM are considered to be in a moderate condition (classified as a ‘C’ on a
scale of ‘A’ being very good to ‘E’ being very poor). The biotic integrity, local physical integrity and local
hydrology of wetlands in the Wet Tropics NRM Region are in moderate condition overall, while their
connectivity is in poor (D) condition overall (Australian & Queensland Government, 2024). Cumulative
pressures affecting the ability of freshwater wetlands to function efficiently continue to come from poor
water quality and changes in hydrology, including dams. A changing climate also presents a significant
threat to wetlands, potentially altering wetting and drying cycles, increasing fire frequency and intensity,
and raising sea levels (McKenzie et al. 2024a).

3.1.2 Estuarine wetlands

The GBR’s estuarine tidal wetlands include mangroves, salt flats and saltmarshes. Mangroves of the GBR
play a vital role in the coastal ecosystem by supporting ecologically diverse communities of flora and
fauna and providing a range of important ecosystem services such as coastal protection. Mangroves
along the entire GBR coast are generally in excellent condition and relatively stable, with only small
losses reported, mostly associated with port and urban development. However, weather-related events
particularly cyclones, storm surges and heatwaves, can cause significant impacts (McKenzie et al. 2024a).

Salt flats and saltmarshes are coastal ecosystems that occur in the upper intertidal area of estuaries
(where saltwater inundation occurs less frequently), at the interface of marine and terrestrial
environments. In the GBR, the greatest extent of salt flats and saltmarshes occurs in the Fitzroy Region,
while the lowest extent is in the Wet Tropics. The GBR’s saltmarshes are vulnerable to anthropogenic
pressures (such as direct use through construction of ponded pastures, salt ponds, urban development,
vehicles, and illegal dumping), as well as climate change, and excess nutrient, fine sediment and
pesticide loads (McKenzie et al. 2024a).

The entire Wet Tropics Region contains 49,157 ha of natural and near-natural estuarine wetlands (~90%
is mangroves), with the greatest contribution from the Herbert basin, followed by the Murray and
Mulgrave-Russell (Figure 15) (Department of Environment, Science and Innovation, 2022a).

Results from the Wet Tropics Report Card 2024 reported that the overall condition in 2022-23 for
estuaries in the Wet Tropics (combining water quality and habitat and hydrology indicators) was ‘good’
except for the Barron which remained ‘moderate’ (Table 2). There has been a historic loss and/or
modification of mangrove and saltmarsh extent due to development which is particularly evident in the
most urbanised reporting zones of the Barron, graded ‘poor’, and Trinity Inlet graded ‘moderate’,
according to the ‘mangrove and saltmarsh habitat extent’ indicator (Table 2) (Wet Tropics Waterways,
2024b). More recently mangrove communities in the Barron and Trinity Inlet estuaries have been
effectively managed to ensure no major new clearing and to allow for some revegetation. There has
been minimal recent loss in extent of mangroves and saltmarsh in any of the Wet Tropics estuaries with
extent remaining unchanged between 2013 and 2019, with the exception of the Mossman (0.3 ha loss)
(Queensland Herbarium and Biodiversity Science, 2019). Historically, saltmarsh has lost more extent as a
percentage of pre-clearing than mangroves across all Wet Tropics estuaries (Wet Tropics Waterways,
2024a).

The ‘shoreline mangrove habitat’ indicator (combining habitat structure, canopy cover, and habitat
impact) for 2021-22, was lowest for Dickson Inlet, which was graded 'moderate’ condition, and has
relatively high levels of shoreline development (Table 2). Hinchinbrook Channel was graded 'very good’
condition and has low levels of shoreline disturbance and modification. The Moresby and Daintree
estuaries were also graded ‘very good’, whilst the Barron, Trinity Inlet and Mulgrave-Russell were graded
‘good’ (Wet Tropics Waterways, 2024a).

Mangroves occur in low energy coastal environments and are vulnerable to extreme weather events
such as floods and cyclones. In 2019, record flooding in the Daintree River caused severe damage to
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shoreline mangrove habitats, particularly areas upstream of the lower estuary. Although habitat
structure scored highly for the Daintree, the lower score for canopy cover, which measures canopy
density, reflects the impacts of extreme weather events. Up until 2023, the estuaries south of the
Daintree River had not experienced recent climatic events that could cause declines in shoreline
mangrove habitat. For these estuaries loss of habitat structure and canopy cover was likely linked to
estuary modification and elevated nutrient, sediment, and chemical pollution from catchment urban and
agricultural land use. However, the effects of Cyclone Jasper in December 2023 and the major and
sustained flooding events during early 2025 have yet to be assessed. The low score for canopy cover in
the Mulgrave-Russell River where dynamic shoreline processes in Mutchero Inlet are causing mangrove
shoreline habitat retreat, and narrow shoreline fringing mangroves along the Mulgrave estuary are
impacted by a lack of estuary vegetation buffer zone exposing estuary habitats to impacts from adjacent
agricultural land use (Mackenzie, 2021).

When combining the ‘shoreline mangrove habitat’ indicator and the ‘mangrove and saltmarsh extent
indicator’ into the indicator category for ‘mangrove and saltmarsh habitat condition and extent’, Trinity
Inlet and Barron River estuaries were graded ‘moderate’, Dickson Inlet and Johnstone were graded
‘good’ and the Daintree, Mulgrave-Russell, Moresby and Hinchinbrook Channel systems were graded
‘very good’ (Table 2) (Wet Tropics Waterways, 2024a).

Table 2. Summary of indicators for estuarine wetlands (mangrove and saltmarshes) in 2021-22 based on the Wet Tropics Report
Card 2024 (Source: Wet Tropics Waterways, 2024a).

Estuary Mangrove | Shoreline Mangrove & Estuary Water Overall
and mangrove | saltmarsh habitat | Habitat quality estuary
saltmarsh habitat condition and and condition?
extent extent Hydrology*

Daintree Very Good | Very Good | Very Good Moderate Good Good

Dickson Inlet | Good Moderate Good Good Good Good

Barron Poor Good Moderate Moderate Moderate | Moderate

Trinity Inlet Moderate Good Moderate Moderate Good Good

Mulgrave- Very Good | Good Very Good Good Good Good

Russell

Johnstone Good nd Good Moderate Good Good

Moresby Very Good | Very Good | Very Good Moderate Good Good

Hinchinbrook | Very Good | Very Good | Very Good Good Good Good

Channel

The habitat and hydrology index consists of estuary fish barriers, flow, riparian extent, mangrove and saltmarsh
extent, mangrove habitat and seagrass condition.
’The overall estuary condition scores combine the ‘Habitat and hydrology’ and ‘Water quality’ indices.

3.2 Marine ecosystems

Marine ecosystems of the GBR include coral reefs, seagrass, pelagic, benthic and planktonic
communities. The pressures influencing inshore GBR dynamics differ slightly from those influencing more
offshore ecosystems. Tropical cyclones, heatwaves and crown-of-thorns starfish outbreaks are
recognised as the major pressures threatening offshore ecosystems, while inshore (and occasionally
midshelf) ecosystems are also influenced by land-based runoff (McKenzie et al. 2024a). This synthesis
focuses on inshore marine ecosystems, including seagrass meadows and coral reefs, given the focus is on
water quality.

Reporting for the inshore zone includes enclosed coastal, open coastal and midshelf marine water types,
extending east to the boundary with the offshore waters, consistent with the inshore zoning used by the
Marine Monitoring Program (MMP) in the Wet Tropics Region and is divided into four reporting zones
(Wet Tropics Waterways, 2024a):
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The North inshore reporting zone extends north-eastward from the mainland just north of the
Bloomfield River along the boundary of the Wet Tropics NRM marine region, down to Cape
Grafton just south of Cairns. The major rivers discharging into the North zone are the Daintree
River, the Mossman River and the Barron River. The area includes Snapper Island, some 3.7 km
east of the Daintree River mouth, the Low Isles 11 km south-east of Snapper Island, and Green
Island, approximately 27 km northeast of Cairns.

The Central inshore reporting zone area extends north-east from Cape Grafton just south of
Cairns to just south of the Moresby River at Double Point. The major rivers discharging into the
Central zone are the Mulgrave, Russell and Johnstone rivers. The area includes Fitzroy Island to
the north, the High Island Group some 12 km north-east of Deeral, the Frankland Island group
approximately 16 km due east of Deeral, and Normanby Island located between the High Island
group and the Frankland Island group.

The South inshore reporting zone extends eastward from the mainland just south of the
Moresby River at Double Point to the north-west bank of the Seaforth Channel mouth, just south
of Hinchinbrook Island. The major rivers discharging into the South zone are the Tully River and
the Murray River. The area includes the Barnard Island group some 7 km east of Cowley Beach,
North and South Dunk Island some 7.5 km southeast of Mission Beach, the Bedarra Island group
located several kilometres south of the Dunk Island group, and Hinchinbrook Island.

The Palm Island inshore reporting zone extends east from the north-west bank of the Seaforth
Channel mouth, just south of Hinchinbrook Island, to the southern boundary of the Herbert River
Basin. The major river discharging into the Palm Island zone is the Herbert River. The area
includes the Palm Island group located approximately 17 km east of the mainland (Wet Tropics
Waterways, 2022a).

3.2.1 Seagrass

Seagrass meadows are among the most extensive and important habitats in the GBR, providing stability

to the seafloor, cycling nutrients, and sequestering and storing carbon. They are considered key ‘blue
carbon’ ecosystems. Approximately 3,464 km? of inshore seagrass meadows have been mapped in the

GBRWHA, and approximately 32,000 km? occur in deeper waters (Figure 18). Seagrass meadows provide
shelter and anchoring structures for small fish, prawns, and other invertebrates, which provide food for

both resident and migratory fish species, facilitating connectivity and productivity of fisheries. Deep-

water meadows can also support larger-bodied fish and invertebrates, although are not as productive as

inshore meadows for fisheries resources. Seagrass are also an essential food source for dugongs and
green turtles, which play critical roles in structuring and connecting seagrass meadows and are also

important for First Nation communities (Great Barrier Reef Marine Park Authority, 2024).
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Figure 18. Seagrass area across the six NRMs of the GBR (Moran et al. 2022).

The primary threat to seagrass meadows is poor inshore water quality caused by land-based runoff or
wind-driven resuspension of sediments. Poor water quality reduces the amount of light available to
seagrasses for photosynthesis, either directly (suspended sediments absorb and reflect light) or indirectly
(excess nutrients promote the growth of algae in the water, on the sea floor, and on the seagrass itself)
(Collier et al. 2024; McKenzie et al. 2024a). Herbicides, particularly photosystem Il inhibiting herbicides
(e.g., diuron) from land-based runoff and thermal stress from rising sea temperatures can act as co-
stressors, along with the shading from sediment, causing additive and synergistic impacts on
photosynthetic processes (Negri et al. 2020; King et al. 2022). Anchor damage and acute disturbance
events, such as cyclones, can also damage these habitats (Waterhouse et al. 2024a). In turn, seagrass
habitat depletion affects dependent species, such as dugongs and marine turtles (Great Barrier Reef
Marine Park Authority, 2024).

Reef-wide seagrass abundance reached a low point in 2019-20 due to cumulative pressures and legacy
impacts of cyclones, floods and heat stress, and since then condition and resilience scores have generally
been improving. The latest available information on the abundance and condition of seagrass in the Wet
Tropics is from the 2022—-23 Marine Monitoring Program (MMP) data (McKenzie et al. 2024b). In 2022—
23, the overall condition of seagrass meadows in the Wet Tropics Region remained stable and was
considered to be in ‘moderate’ condition. In the northern Wet Tropics Region, seagrass condition
increased and was classed as ‘good’, whereas in the southern Wet Tropics, seagrass condition
deteriorated and continued to be classified as ‘poor’ (McKenzie et al. 2024b). However, the summers of
2023-24 and 2024-25 have included multiple stress events for the Wet Tropics Region including Cyclone
Jasper in December 2023 and major floods in 2025 and the impacts of these events has not yet been
assessed.

In the northern Wet Tropics sites, seagrass abundance declined in 2022-23 relative to the previous
period primarily due to declines at some reef intertidal and subtidal sites, but remained good overall.
There was a small increase in abundance in the reef subtidal meadow at Green Island. However, declines
were recorded at Green Island intertidal and Low Isles subtidal seagrass meadows and this resulted in
changes to their abundance scores from very good to good, and from poor to very poor, respectively.
Coastal intertidal meadows at Yule Point remained unchanged and very good. Seagrass meadow
resilience in the northern Wet Tropics improved across 2022-23, showing some recovery from declines
observed in previous reporting periods. Based on the existing data, Green Island and Yule Point appear
to have a high ability to resist pressures and recover should they be severely impacted by an acute
disturbance event. Conversely, the meadows at Low Isles (intertidal and subtidal) which scored poorly
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for both abundance and resilience, may be vulnerable to further pressures in future (McKenzie et al.
2024b).

In the southern Wet Tropics, seagrass meadow condition deteriorated due to declines in both abundance
and resilience indicators. Both these indicators have been highly variable since 2012—-13 in this region.
The abundance indicator dropped for a second consecutive year due to reduced abundance from poor to
very poor at a subtidal reef site. The decline in resilience was attributed to lower resilience at the coastal
intertidal sites (Lugger Bay), which also dropped from poor to very poor in 2022—23. Recovery of
seagrass meadows post 2011 has been challenging, particularly in the south, by unstable substrates,
chronic poor water quality compared to the north (high turbidity, light limitation) and limited
recruitment capacity (McKenzie et al. 2024b).

3.2.2 Coral reefs

Coral reefs are the most iconic of the GBR ecosystems and support the greatest diversity of marine
species. GBR coral reefs have long provided sustenance, connection and protection to First Nations
peoples, and they provide vital ecosystem services to coastal communities, including productive
fisheries, protection from damaging ocean swells and storm surges, and a vibrant tourism industry. Coral
reefs are central to the GBR’s Outstanding Universal Value as a World Heritage Area (Great Barrier Reef
Marine Park Authority, 2024).

The Wet Tropics Region includes around 10% of the GBR’s coral reefs and encompasses almost 2,500 km?
of coral reefs (Moran et al. 2022) (Figure 19). Importantly, the outer shelf of the GBR in the Wet Tropics
Region is closer to the mainland compared to other regions, with most of the coral reef area within 60
km of the coastline (McKenzie et al. 2024a).
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Mackay Whitsunday ll
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Burnett Mary F Offshore
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Figure 19. Coral reef area across the six NRMs of the GBR (Moran et al. 2022).

After a decade of cumulative impacts, the GBR experienced fewer major disturbances between 2018 and
2023 (prior to the 2023—-24 summer), with only three cyclones tracking through the entire region during
this period. Mass coral bleaching events occurred in 2020 and 2022, although estimated coral mortality
was low in both years. As a result of fewer disturbance events, the period 2018 to December 2023 saw a
substantial increase in coral cover, despite the 2020 and 2022 bleaching events, although increases were
highly variable between reefs (Great Barrier Reef Marine Park Authority, 2024). In 2023, there were
record global sea surface temperatures which contributed to a widespread coral bleaching event in early
2024. In addition, two cyclones occurred early in summer 2023-24 — Cyclone Jasper and Cyclone Kirrily.
Cyclone Jasper made landfall as a Category 2 storm at Wujal Wujal, north of Cape Tribulation in the Wet
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Tropics Region in December 2023. Early reporting has suggested some minor and isolated bleaching on
reefs following Cyclone Jasper, likely caused by freshwater plumes, however the full extent and impacts
of these events are yet to be determined (Great Barrier Reef Marine Park Authority, 2024).

The condition of coral reefs across the GBR is highly variable, both on a regional scale and at the scale of
individual reefs. Overall, condition has improved since 2019 due to increases in the total cover of key
reef-building coral species across many reefs. However, coral reefs remain vulnerable to the cumulative
pressures brought by climate change, crown-of-thorns starfish outbreaks, and poor water quality in
inshore areas — factors that amplify impacts and inhibit recovery from acute disturbances such as
cyclones and floods (Great Barrier Reef Marine Park Authority, 2024).

Inshore coral communities in the Wet Tropics Region were in a ‘moderate’ condition in 2022-23, a stable
overall trend since 2016 (Thompson et al. 2024a; Table 3). Coral cover in the Barron-Daintree subregion
has continued to improve, but low densities of juvenile corals and high cover of macroalgae mean the
overall condition for this sub-region remains ‘moderate’, and this pattern was similar in the Johnstone
Mulgrave-Russell sub-region although recovery has been slower in this region due to ongoing crown-of-
thorns starfish impacts. In the Herbert-Tully sub-region, condition was also assessed as ‘moderate’ but
there have been some declines in coral cover and high levels of macroalgae persist at Dunk Island and
Bedarra Island. For those reefs that received a ‘poor’ grade in 2024 (Snapper North and Bedarra 2 m,
Franklands West and Dunk South 5 m, and both depths at High East), a commonality was high macroalgal
cover, along with a regional negative relationship between coral cover and water quality. This suggests
loads entering inshore areas of the GBR from the Wet Tropics catchments during periods of heavy rain
can impact the resilience of inshore coral communities (Thompson et al. 2024a).

Table 3. Inshore marine coral indicators and index scores for 2022—-23 (Source: Wet Tropics Waterways, 2024a).

Inshore Inshore marine coral indicators Coral index
1 .
A 1. Juvenile | 2. 3. Coral 4. Rate of | 5. Hard coral (Co.mp05|te
. .. of five
coral Proportion cover hard composition | = .
. indicators)
density of coral
macroalgae cover
cover change
North Poor Moderate Good Good Moderate Moderate
Central Poor Moderate Good Moderate | Moderate Moderate
South Good Moderate Moderate | Moderate | Good Moderate
Palm Island | Moderate Poor Moderate | Moderate | Good Moderate

4 Water quality conditions

The influence of land-based pollutants, particularly fine sediments, nutrients and pesticides, is spatially
and temporally variable between pollutants and locations in the GBR. Generally, the influence of land-
based pollutants follows a cross-shelf gradient, with decreasing concentrations and impacts with
increasing distance from river mouths (Waterhouse et al. 2024b).

4.1 Riverdischarge

The influence of land-based pollutants, particularly fine sediments, nutrients and pesticides, is spatially
and temporally variable between pollutants and locations, although it generally follows a cross-shelf
gradient, with decreasing concentrations and impacts with increasing distance from river mouths
(Waterhouse et al. 2024b). In particular, discharge from the catchments can have a direct influence on
inshore marine water quality.

For the 2022-23 wet season, river discharge in the Wet Tropics Region was 1.2 times higher than the
long-term median. The combined discharge and loads calculated for 2022-23 from the Barron, Daintree,
and Mossman Basins were around 2.1 times higher than the long-term median values, whereas the other
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sub-regions were around the long-term median. Rainfall, river discharge and turbid water exposure in
2022-23 in the northern Wet Tropics were slightly above average and light levels were below average. In
the southern Wet Tropics, rainfall and river discharge were around the long-term average, but light
levels were very low. No tropical cyclones impacted the Wet Tropics Region in 2022-23 (Gruber et al.
2024).

4.2 Catchment water quality condition

The P2R program?® includes ongoing monitoring and modelling of exports of sediments, nutrients and
pesticides as part of the reporting of the progress towards the end-of-catchment targets within the Reef
2050 CWQS. This provides much of the primary data used in research on exports. A sub-program within
the P2R program, the GBR Catchment Loads Monitoring Program (GBRCLMP; Department of
Environment, Tourism, Science and Innovation), measures concentrations of sediments, nutrients and
pesticides during flow events. Statistical interpolation is used to scale these point in time measurements
up to annual loads (for sediments and nutrients) by using continuous records of river water level and
discharge collected as part of the Queensland Government gauging station network (Australian &
Queensland Government, 2018). This data is then used in the calibration of the catchment models (see
Section 5.2).

In 2021-22, 26 end-of-catchment sites were monitored across the GBR for sediments and nutrients,
along with 22 sub-catchment sites and 8 fine-scale monitoring sites. In the Wet Tropics, there were 16
monitoring sites, with collection of sediment and nutrient data at 11 sites, and pesticide data at 13 sites.
It is important to note that water quality conditions are heavily driven by rainfall and hydrology, resulting
in significant variability in results between years.

4.2.1 Sediments and nutrients
Freshwater and estuarine catchment water quality monitoring

The freshwater basin water quality data used in the Wet Tropics Report Card is collected by the DETSI,
GBRCLMP and Queensland Government gauging station network, and through Douglas Shire Council
(DSC) for their Environmental Impact Monitoring Program (EIMP) with additional water quality
monitoring conducted by DETSI. Water quality data for the estuarine component of the Wet Tropics
Report Card 2024 (for the reporting period 1/7/22 to 30/6/23) was collected by DETSI, Douglas Shire
Council (DSC), Cairns Regional Council (CRC) and the Cassowary Coast Regional Council (CCRC). Water
quality indicators reported as part of the Wet Tropics Report Card includes nutrients (DIN and filterable
reactive phosphorus, FRP), sediments (total suspended solids) and pesticide risk (Wet Tropics
Waterways, 2024b). This data provides an indication of catchment waterway conditions, and interannual
variability.

The Wet Tropics Report Card published in 2024 indicated that the overall Water Quality Index grades for
2022-23 (based on in-situ monitoring results) were the same as the previous year for all basins Table 4.
The Daintree was graded ‘very good’, while the Murray continued to have the poorest water quality and
was graded ‘moderate’. All other basins were graded ‘good’ (Table 4). The grades for sediment (total
suspended solids) were ‘very good’ across the Wet Tropics basins, except for the Barron which was
‘good’. Nutrients declined from ‘good’ to ‘moderate’ in the Barron (both DIN and FRP decreased in
score), remained ‘good’ for the Daintree and Russell, and remained ‘moderate’ for the other basins.
From 2014-15 to 2022-23 FRP has tended to decrease in score for Mossman, Barron, Russell, Johnstone,
Murray and Herbert, with scores for the other three basins fluctuating but not showing a decrease in
score over time (Wet Tropics Waterways, 2024a).

20 Reef 2050 Water Quality Improvement Plan — Paddock to Reef Modelling and Monitoring Programs
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Table 4. Basin water quality index scores and grades for all reporting years (Wet Tropics Waterways, 2024a).

Basin 22-23 | 21-22 | 20-21 | 19-20 | 18-19 | 17-18 | 16-17 | 15-16

Daintree

Mossman

Barron

Mulgrave

Russell

Johnstone

Tully

Murray

Herbert

Scoring range: M Very Poor =0to<21 | 7 Poor=21to<41| Meoderate=41to<61| ¥ Good=61to<81| W Very
Good = 81— 100. nd indicates no data or insufficient data available. “Mossman River was assessed for base-flow only.

The estuarine water quality index score in 2022-23 was ‘good’ for all estuaries apart from the Barron
which remained ‘moderate’. Although the grade remained the same, all water quality index scores were
slightly lower than the 21-22 period except for Dickson Inlet and Moresby. Chlorophyll a (Chl a) scores
for the Daintree, Moresby and Hinchinbrook Channel decreased due to increased Chl a concentrations,
whereas the Barron Chl a score improved from ‘moderate’ to ‘good’. However, concentrations of DIN
and FRP increased from the previous year in the Barron, leading to substantially lower scores and a
decline to grades of ‘poor’ for DIN and ‘very poor’ for FRP (Wet Tropics Waterways, 2024a).

Table 5. Estuary water quality index scores and grades for all reporting years (Wet Tropics Waterways, 2024a).

Estuary 22-23 21-22 20-21 19-20 18-19 17-18 16-17 15-16

Daintree

Dickson Inlet

Barron

Trinity Inlet

Mulgrave-
Russell

Johnstone

Moresby

Hinchinbrook
Channel

Scoring range: @ Very Poor =0to<21 | 7 Poor=21to<41| Moderate=41to<61| ¥ Good=61to<81| B Very
Good = 81 = 100. nd indicates no data or insufficient data available. ~Mossman River was assessed for base-flow only.

End-of-catchment monitoring

The most recent GBR catchment loads monitoring data corresponds to the period 2021-22 and are
presented in Table 6 (Water Quality & Investigations, 2024). In the Wet Tropics Region, the basins with
the largest end-of-catchment monitored annual DIN loads in 2021-22 were the Johnstone (690 t), Tully
River (490 t) and Herbert River (300 t) (Table 6) (Water Quality & Investigations, 2024).

For fine sediments, the contributions from the Wet Tropics basins at a regional level are relatively small
compared to other regions. The basin with the largest end-of-catchment monitored fine sediments in
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2021-22 was the Johnstone (210 kt), followed by the Herbert (150 kt) and the Tully (140 kt) (Table 6). All
of these basins have a high proportion of anthropogenic exports (Prosser & Wilkinson, 2024a).

The largest end-of-catchment particulate nitrogen (PN) contributor in the Wet Tropics Region was the
Johnstone River (1,000 t), followed by the Tully River (520 t), Herbert River (460 t) and Daintree (450 t)

(Table 6) (Water Quality & Investigations, 2024).

For the 2021-22 monitoring year, the largest monitored particulate phosphorus (PP) load across the Wet
Tropics Region was 380 t in the Johnstone (Table 6) (Water Quality & Investigations, 2024).

Table 6. Monitored Wet Tropics end-of-catchment loads for 2021-22 period (Source: Water Quality & Investigations, 2024).
Note: the Mossman catchment was not monitored during this time.

Basin Fine Sediments DIN (Dissolved PN (Particulate PP (Particulate
(kt/y) Inorganic Nitrogen) (t/yr) Phosphorus) (t/yr)
Nitrogen) (t/yr)

Daintree 110 140 450 92
Mossman N/A N/A N/A N/A
Barron 45 67 150 34
Russell 39 220 190 61
Mulgrave 35 190 210 49
Johnstone 210 690 1,000 380

Tully 140 490 520 130
Murray 19 120 90 21
Herbert 150 300 460 110
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4.2.2 Pesticides

Pesticides are reported differently from nutrients and sediments in the GBR catchments. While nutrients
and sediments use a loads-based assessment, pesticides are evaluated using a risk-based approach that
considers their concentrations and potential impacts on aquatic ecosystems. This different approach
(reported since 2016) is necessary because:

1. The risk to aquatic organisms depends on both the frequency and magnitude (concentration) of
exposure, rather than total load.

2. Different pesticides can act together (as a mixture) to generate combined impacts.

3. Pesticides have different levels of toxicity (i.e. the level of harm they exert on an organism) and
different modes of action in how they exert their toxicity.

4. Impacts of pesticides also vary between species of organism — with some more sensitive than
others (Smith et al. 2017; Templeman and McDonald, 2024).

Measuring and reporting catchment pesticide risk

There is a hierarchical structure of different measures that can be used to help describe and estimate
pesticide risk, with each measure using the same foundational ecotoxicity data while incorporating
additional variables and scales to increase comprehensiveness in reporting. The scales of reporting cover
variation in chemical toxicity (i.e. from individual pesticides to mixtures of pesticides), temporal
variations (i.e. from single point in time observations to seasonal estimates), and spatial variation (i.e.
from catchment scale to basin and regional scales), as described in Table 7.

The pesticide risk metric (PRM) is most commonly reported in relation to water quality management,
which estimates the combined potential risk of a standard set of 22 pesticides (Warne et al. 2020a). The
22 pesticides include nine photosystem Il (PSll) inhibiting herbicides, ten other herbicides with varying
modes of action and three insecticides (imidacloprid, chlorpyrifos, fipronil). These pesticides were
selected based on their contributions to risk, as identified through catchment and marine monitoring.
The PRM is reported as percentage of species affected or protected, and often categorised for reporting
purposes using risk grading systems: Very Good to Very Poor or Very Low to Very High risk, as per Table 8
(Australian and Queensland governments 2024). Both grading systems align with the Australian and New
Zealand water quality guideline ecosystem protection levels.

Measuring pesticide risk relies on pesticide monitoring data; concentrations of pesticides detected in
grab or passive samplers. The monitoring data for pesticides are collected through the GBRCLMP (grab
samples collected from catchment monitoring sites) and the MMP (grab and passive samplers collected
from inshore marine monitoring sites). In the Wet Tropics, the GBRCLMP has monitored catchments for
pesticide concentrations since 2009. Here the assessments of pesticide risk in 11 Wet Tropics catchments
(including 2 sub-catchment sites) across 8 basins from 2016 to 2023 are reported.

To understand and quantify pesticide risk in the waterways of the Wet Tropics Region, their exposure
patterns are extrapolated from the end-of-catchment, point-in-time monitoring data (as a point of truth)
and reported at broader spatial and temporal scales (Table 9). This multi-scale approach helps to identify
and prioritise areas of consistently high-risk that require urgent and intensive management, fill gaps in
unmonitored areas, understand more discreet temporal patterns to ensure potential ecosystem impacts
are not overlooked, and to generate more localised evidence to inform locally-based management
strategies and emerging issues or trends. The multi-layered reporting provides layers that support high-
level, broad identification and spatial prioritisation for targeting management and investment, while
simultaneously understanding smaller scale patterns and trends that help target pesticide sources and
drivers for developing effective action strategies.

While catchment monitoring sites record actual pesticide concentrations at specific locations, the
locations of monitoring sites mean that areas of the basin and region are not represented by the
monitoring data. For this reason, basin assessments are used that extrapolate across all land use areas
within the basin presenting an estimate of risk for the whole basin (Warne et al. 2020). Warne et al.
(2020) examined the spatial coverage of the monitored catchment areas relative to their basins and
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developed land use relationships that could help account for the unmonitored area (see Table 7). The
results indicated that the proportion of land use where pesticide application is high (see Section 6.2) had
positive correlations with pesticide risk, whereas the proportion of conservation land use had a negative
correlation with pesticide risk (as runoff from these areas contributes to the dilution of pesticide
concentrations in catchments). For basins where those proportions differed from the monitored area,
generally there was a commensurate change in the risk level (refer to Table 14). In some cases, the
pesticide risk was greater at the basin level as there were additional land uses downstream of the
monitoring sites or in other unmonitored parts of the basin that were likely to contribute additional
pesticides (Warne et al. 2020). There were also cases where the basin-level pesticide risk would likely be
lower, as the proportion of conservation land use was greater at the basin level compared to the
monitored catchment (Warne et al. 2020). A summary of the catchments / basins where the difference
resulted in a change in risk levels is presented in Section 6.2.

Table 7. Measures used for reporting pesticide risk at different hierarchical levels of assessment.

Measure Description

Default guideline Used for individual pesticides.
values or
Environmental
threshold values

e Based on species sensitivity distributions from ecotoxicity data.

e Used to evaluate single pesticide concentrations against ecosystem
protection levels (e.g., Australian and New Zealand water quality guidelines).

e Provides the basic reference points for more complex risk assessments.

e  Often reported in scientific papers, reports or dashboards reporting results of
monitoring data for individual pesticides, e.g., marine monitoring program.

Multi-substance Used for mixtures of pesticides, often for single observations/ samples.
Potentially . . .

Affected Fraction e Integrates ecotOX|'c|ty data. f'rom multlple' pestlf:ldes. o
(ms-PAF) e Accounts for multiple pesticides and their varying toxicities.

e Estimates the percentage of species potentially affected (or protected when
the inverse is reported) from the combined risk of a mixture of pesticides.

e Represents risk for an individual observation or sample — it can be used for
grab samples (single point in time) or passive samplers (time integrated
observation).

e Adaily estimate is also sometimes referred to as Daily PRM.

e Often reported in scientific papers, reports and dashboards that show the
percentage of species affected over time or individual marine samples (e.g.,
passive sampler data).

Pesticide Risk Used for mixtures of pesticides, over time and at a specific location.

Metric (PRM
( ) e Comprehensive temporal risk metric extending from ms-PAF.

e Calculates the daily average risk (% species affected or protected) based on a
182-day wet season period (i.e. the wet season window when exposure is
most likely).

e Accounts for changes in pesticide concentrations and mixtures over time.

e  Provides site-specific assessment (represents the area upstream of the
monitoring site).

e The standard 182-day window enables comparison between catchments and
across years.

e Often reported to show annual catchment pesticide risk in reports, regional
report cards and dashboards.

Pesticide risk Regional report cards

index
e Standardised scaling used in the Regional report card applied to describe

scores for the condition of indicators, indicator categories, indices, and the
overall basin/estuary/zone grade. This follows a five-point grading system:
‘very good’ (A), ‘good’ (B), ‘moderate’ (C), ‘poor’ (D), and ‘very poor’ (E).

Wet Tropics Regional Water Quality Strategy: Synthesis of supporting evidence, June 2026 v2.0
41



Table 8. Pesticide risk grading systems.

Risk Category % Species Protected % Species Affected Risk Level
Very Good Very Low Risk
Good 95-99% 1-5% Low Risk
Moderate 90-95% 5-10% Moderate Risk

Poor

Very Poor

High Risk
Very High Risk

Table 9. Measurement scales used to understand and quantify pesticide risk in waterways of the Wet Tropics Region.

Measurement Scales Description
Spatial Regional — Regional estimates of pesticide risk are extrapolated from end-of-
scales comparison across catchment monitoring data and scaled to the regional level using land-
regions within the use relationships with pesticide risk. The results are reported as
whole GBR ‘Pesticide risk condition’ (percent of species protected), as presented in
the Reef Water Quality report cards.
Basin — comparison | Basin estimates of pesticide risk are extrapolated from end-of-
across basins within | catchment monitoring data and scaled to the whole-basin level using
the Wet Tropics land-use relationships with pesticide risk. The results are reported as
Region ‘Pesticide risk condition’ (percent of species protected), as presented in
the Reef Water Quality report cards.
Catchment and sub- | Catchment-scale estimates of pesticide risk determined from
catchment — Finer concentrations of pesticides collected with grab samples at monitoring
scale examination sites. Catchment-scale risk is reported here as the percent of species
within a basin at affected (the inverse of percent species protected) of a standard set of
end-of-catchment up to 22 pesticides and is used to also determine which of those 22
and sub-catchment | pesticides are the key contributors to the risk.
monitoring sites
Inshore marine Spatial and temporal distribution of percent of species affected (diuron
zone (discussed in only) in the inshore marine zone is estimated using eReefs marine
Sections 4.3 and modelling for 2016—2017 and 2017-2018 years. Passive sampler
7.3) monitoring data is collected for four sites in the inshore area of the
Wet Tropics Region and reports a time-averaged pesticide
concentration. Flood plume transect grab samples are also collected
and reported.
Temporal | Chronic exposure — | The daily average % species affected of the wet season (the PRM)
Scales the wet season daily | represents a chronic level of exposure —i.e. 182 days (6 months). It

average (i.e.
Pesticide Risk
Metric (PRM))

accounts for the high peaks in pesticide concentrations that occur with
rain and irrigation runoff events, along with ‘recovery periods’, which
are ambient periods between runoff events where pesticide
concentrations become low.

Acute exposure —
high peak exposure
periods (95th
percentile value of
% species affected)

The 95th percentile of the % species affected values (i.e. the ms-PAF
values) is estimated from samples collected at the monitoring site
during a wet season. The reason to present these values is: 1) it
demonstrates the variability in risk that was observed over the wet
season (i.e. the upper confidence interval relative to the PRM); 2) in
terms of risk, the 95 percentile value helps to show the higher levels
that the ecosystem was exposed to for shorter (acute) periods during
the wet season, while also buffering the maximum peaks measured
that usually occur for only very short periods; 3) the use of the 95th
percentile value is based on the guidance from the Australian and New
Zealand Water quality guidelines when comparing monitored data
against water quality guidelines.

Long-term — multi-
year changes

The PRM across multiple years. The PRM method reduces the influence
of climate (i.e. annual rainfall patterns) on the pesticide risk, allowing
for annual comparisons.
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Comparison across regions and basins

The Wet Tropics regional pesticide risk for the Wet Tropics has maintained relatively stable levels of
around 95-96% species protection between 2016 and 2022 (Table 10). This places the Wet Tropics in the
mid-range compared to other regions, with Cape York showing the highest protection levels (100%) and
Mackay Whitsunday showing notably lower protection levels (around 80-82%). The regional-level results
are derived through extrapolation from catchment-level monitoring data, providing a broad
representation of risk for all the basins and catchments within the Region. Finer scale (basin and
catchment-scale) assessments can be better for targeting hot spot areas and emerging risks.

The basin-scale results start to show the heterogenous distribution of pesticide risk across the Region,
demonstrating that risk is very low in some basins (Daintree and Barron) and Moderate everywhere else
(Table 11). At even finer spatial scales (catchment and sub-catchment), the pesticide risk becomes more
nuanced, depending on the distribution of land use upstream of the end-of-catchment monitoring sites
(Table 11). These variations and identification of hot spot areas and acute risk periods are discussed in
more detail below for each basin.

Table 10. Comparison of regional level results for the Wet Tropics with other regions of the GBR. Data sourced from Reef Water
Quality report cards (Australian and Queensland government, 2021, 2024)

NRM region % Species Protected

Bazsz::isne 2019 2020 2021 2022
Cape York 100
Wet Tropics 95 95.8 96.1 95.2 96
Burdekin 98 98.3 97.7 98.4 94.6
Mackay Whitsunday 81 80.3 82.3 79.8 80.3
Fitzroy 96 95.9 95 96 94.4
Burnett Mary 97 97.8 98.1 98.9 96.2

Table 11. Summary of the catchment- vs basin-scale pesticide risk levels (adopted from Waterhouse et al. 2025).

. . End-of-
Basin/ Baseline (2016) . . . .
.. catchment risk Difference Primary Explanation
Catchment | basin risk level* o
level
Daintree Very Low risk . .
. v / Very Low risk -> Risk No change
River target met
. Basin has | ti 759
Mossman . Low to A Risk at asin has less cor.lser.va |<?n a'rea (75%
River Moderate risk Moderate risk basin scale vs 84%) and monitoring site is close to
river mouth (AMTD 2.1 km).
. Very L isk . .
Barron River ery Low risk/ Very Low risk -> Risk No change
target met
. Additional pesticide sources from
Mulgrave Low to N Risk at H pesticl !
. . . downstream land uses not captured at
River Moderate risk basin scale o
. monitoring site.
Moderate risk - —
. Additional pesticide sources from
, Low to M Risk at
Russell River . . downstream land uses not captured at
Moderate risk basin scale S
monitoring site.
Johnstone Moderate risk . N Risk at Addlfuonal land not |ncludeq n .
. Low risk . monitored catchment contributing to
River basin scale . .
higher pesticide levels.
. Basin has high conservation area (63%
Murray . S J Risk at ! 's vatl (63%)
. Moderate risk High risk . and low sugarcane compared to
River basin scale .
monitored area.
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End-of-

Basin/ Baseline (2016) . . . .
.. « | catchment risk Difference Primary Explanation

Catchment | basin risk level o

level

. Basin contains additional land uses
Herbert . Low to M Risk at N
. Moderate risk . . downstream of monitoring site that
River Moderate risk basin scale . . L
could contribute additional pesticides.

* Based on Warne et al. 2020 (Table 28, pg76); ** Based on the 2015—2018 monitoring years, data sourced from
Water Quality and Investigations (2024).

‘Very Low’ risk basins

At the catchment scale, the Very Low pesticide risk levels in the Daintree and Barron rivers met the
pesticide target of 99% species protection, i.e., <1% species affected (Table 12). The 95 percentile
values indicated little temporal variation in pesticide risk over the wet season, with the highest levels of
exposure potentially affecting 1.4-3.2% of species (Table 12).

Table 12. End-of catchment pesticide risk (% Species Affected) reported using the Pesticide Risk Metric (PRM) and 95th percentile
estimates, for the Daintree and Barron rivers from 2016—-2023. Data sourced from Water Quality and Investigations (2024). ND =
no data.

Basin Catchment Measure of 2016-
(site) % species 2017
affected
Daintree | Daintree River | PRM ND
(Lower g5th
Daintree) percentile ND
Barron Barron River PRM ND
(Rinks Close ggth
Jetty) percentile ND

Small, localised areas within the basins may be exposed to higher risk levels where there are land uses
with high pesticide use. Pesticide risk data was available for one sub-catchment site in the Daintree River
basin, Saltwater Creek (at Cook Highway). This site is located downstream of agricultural land use and
has been monitored for pesticides for two years — 2021 to 2023. The wet season average (PRM)
demonstrated slightly higher risk levels (3.2—3.7% species affected = Low risk) than the Daintree end-of-
catchment site. The 95" percentile values indicated acute periods of higher risk levels over the wet
season — potentially affecting up to 16.5% of species, which is considered High risk (Table 13). There
were no sub-catchment monitoring sites for the Barron River to determine if more localised pesticide risk
occurs in some areas of the basin, which is possible due to the cropping and horticultural land use areas
in the upper parts of the catchment. A more nuanced understanding of the risk of pesticides in these
waterways is needed.

Table 13. Sub-catchment pesticide risk (% Species Affected) reported using the Pesticide Risk Metric (PRM) and 95th percentile
estimates, for Saltwater Creek in the Daintree River catchment from 2016 —2023. Data sourced from Water Quality and
Investigations (2024). ND = no data.

Catchment ‘:’:::hment ;"ia:‘::::f 2016- | 2017- | 2018- | 2019- | 2020- | 2021- | 2022-
: ° P 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
(site) affected
Daintree Saltwater PRM ND ND ND ND ND 3.7 3.2

Creek (Cook [ ggth
Highway) percentile ND ND ND ND ND 6 9

‘Low’ to ‘High’ risk basins

The Wet Tropics catchments show varying levels of pesticide risk at the basin scale, with the ‘pesticide
risk’ (percent species protected) ranging from 89.2% to 100% across different basins (Table 14). The
Mossman catchment consistently maintained lower protection levels around 89-91%. Other catchments
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including the Mulgrave-Russell, Johnstone, Tully, and Herbert demonstrated relatively stable protection
levels between 92 and 96% over the assessment period. The Murray catchment showed notable
improvement, reaching 100% species protection in 2022 from a baseline of 91% in 2016. However,
pesticide risk metric estimates from the Murray catchment indicate much higher risk levels, which are
discussed further below.

Table 14. Pesticide risk condition (percent of species protected) at the basin scale. (Data sourced from Australian and Queensland
government, 2024).

Basin % Species Protected

2016 2019 2020 2021 2022

(baseline)

Mossman 91
Mulgrave-Russell 91 92.4 93.1 93.1 92.8
Johnstone 92 93.5 93.9 93.6 92.5
Tully 93 94.8 96.2 94.4 94.6
Murray 91 95.4 96.6 94
Herbert 94 94.4 943 93.1 94.5

At the catchment scale, the pesticide risk varied considerably across different systems. Most catchments
experienced moderate risk levels, with the pesticide risk metric (PRM) ranging from 1.5% species
affected (low risk) to 19% species affected (High) from 2016 to 2023 (Table 15).

The Murray River at Bilyana consistently showed the highest risk levels, with 10.4-19% of species
affected (PRM) and 95th percentile values indicating exposure to short-term higher risk periods (27.6—
37.8% species affected). The Tully River at Euramo and Herbert River at John Row Bridge demonstrated
moderate risk levels, with PRM values typically ranging from 3.1-8.9% and 3.4-6.0% respectively, though
their 95th percentile values indicated periods of higher risk (25.5% and 28.1% species affected,
respectively).

The Mulgrave, Russell, and North Johnstone rivers showed lower risk levels, with PRM values generally
between 1.5-6.7% species affected. However, their 95th percentile values indicated occasional high-risk
periods, particularly in the Russell River (40.8% species affected in 2018-2019).

The Mossman River at Bonnie Doon showed moderate risk levels with PRM values of 3.2—-5.2% species
affected with some higher risk periods (95th percentile equal to 17.8% species affected).
Table 15. End-of catchment pesticide risk (% Species Affected) reported using the Pesticide Risk Metric (PRM) and 95th percentile

estimates, for catchments within the Wet Tropics with low to moderate pesticide risk, from 2016 — 2023. Data sourced from
Water Quality and Investigations (2024). %ile = percentile; ND = no data.

Basin Catchment Measure % Species Affected
(site) 2016- 2017- 2018- 2019- 2020- 2021- 2022-
2017 2018 2019 2020 2021 2022 2023
Mossman Mossman River | PRM ND 3.2 5.2 ND ND 4.3 4.2
(Bonnie Doon) | 95 %ile ND 6.7 17.8 ND ND M
Mulgrave | Mulgrave River | PRM 43 6.0 1.5 2.1 1.7 1.6
(Deeral) 95t %ile 133 17.6 10.7 6.9 7 8.8 6.0
Russell Russell River PRM 2.9 2.1 3.3 2.3

(BastRussell) | o5t gile  [FEERTIER T IS
N Johnstone PRM
Johnstone | River 95th %ile

(Coquette Pt) 8.75 3.5 5.6 8.2 8.2 6.2
Tully Tully River PRM 7.4 4.5 3.1 4.9 4.7 8.9

95t %ile

(Euramo) 11.1 15.6
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Basin Catchment Measure % Species Affected
(site) 2016- 2017- 2018- 2019- 2020- 2021- 2022-
2017 2018 2019 2020 2021 2022 2023
Murray Murray River PRM ND ND 8 6 9 0.4 8.4
(Bilyana) 95t %ile ND ND : 6 / :
Herbert Herbert River PRM 5.3 3.9 35 35 4.8 3.4 6.0
(John Row 95th %ile
Bridge) 0 4.8 6 6 8

Sub-catchment monitoring data was available for just one other sub-catchment — Catherina Creek in the
Herbert River catchment for 2021-2023 (Table 16). This site showed substantially higher risk levels
compared to the end-of-catchment monitoring, with PRM values indicating 52.3-55.5% of species
affected and 95th percentile values reaching 74.6—77.9% species affected. This demonstrates the
significant spatial variation in pesticide risk within catchments, particularly in land use areas with a

higher potential for pesticide risk.

Table 16. Sub-catchment pesticide risk (% Species Affected) reported using the Pesticide Risk Metric (PRM) and 95th percentile
estimates in, for Catherina Creek in the Herbert River catchment, from 2016 — 2023. Data sourced from Water Quality and

Investigations (2024). ND = no data.

Catchment | Sub-catchment 2016- 2017- 2018- 2019- 2020- 2021- 2022-
(site) 2017 2018 2019 2020 2021 2022 2023
Herbert Catherina PRM ND ND ND ND
River Creek ggth
(Catherina percent
Creek Road) ile ND ND ND ND

Temporal overview

Examining the temporal patterns of pesticide risk from 2016 to 2023 reveals some distinct differences
across the catchments (Figure 20). Most catchments exhibited higher risk levels during 2016—-17 and
2018-19. The Mulgrave, Russell, and North Johnstone catchments stabilised at lower risk levels
(generally below ~5% species affected) after 2019. In contrast, the Herbert and Tully catchments showed
renewed increases in 2022-23, with risk levels reaching 6% and 8.9% species affected, respectively. The
Murray catchment maintained consistently elevated risk levels throughout the period (15—19% species
affected), with a notable but temporary decrease to 10.4% in 2021-22.
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Figure 20. Percentage of species affected (estimated using the pesticide risk metric) across the nine major catchments in the Wet
Tropics from 2016 to 2023. The graph shows color-coded risk gradings: dark green = very low risk (<1% species affected); light
green = low risk (0-5% species affected), yellow = moderate risk (5-10% species affected); orange = high risk (10—-20% species
affected), and red = very high risk (>20% species affected).

Overall, the low to high-risk catchments in the Wet Tropics Region show considerable spatial and
temporal variation in pesticide risk. While end-of-catchment monitoring indicates Low to High risk levels
in most catchments, sub-catchment data reveals areas of notably higher risk. The substantial difference
between end-of-catchment and sub-catchment monitoring in the Herbert Basin highlights the
importance of considering localised impacts, particularly in areas directly influenced by agricultural
activities.

4.3 Inshore marine water quality

The MMP conducts annual water quality sampling of inshore marine areas to better understand how
discharge from the catchments can influence water quality. For the Wet Tropics, the MMP divides the
region into three focal sub-regions which are dominated by the Barron and Daintree Rivers (Barron-
Daintree also including Mossman), the Russell and Mulgrave Rivers (Mulgrave-Russell also including the
Johnstone) and the Tully River (Tully-Murray and Herbert) (Gruber et al. 2024).

After a trend of declining water quality between 2008 and 2018, the long-term Water Quality Index
produced through the MMP has shown an improvement of inshore water quality over the last five years
in the Wet Tropics, with some sub-regional variability in factors influencing the improvements (Table 17).
For 2022-23, the overall annual condition water quality index classified the Wet Tropics inshore water
guality as ‘moderate’, similar to the previous two years. Since 2015, all water quality indicators have
shown improvement or stability apart from particulate nitrogen (PN) in the Tully region, which has
shown a trend of deterioration (Gruber et al. 2024).
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Table 17. Water Quality Indicators for the inshore marine areas of the Wet Tropics. These indicators are used to derive a Water
Quality Index which communicates the long-term trend (insensitive to year-to-year variability) and annual condition (sensitive to
year-to-year variability) of water quality relative to guideline values (GVs). The long-term WQ Index shows WQ indicators that
are contributing to the pattern. Key: Chl-a = Chlorophyll a, TSS = total suspended solids, NOy = nitrogen oxides, PO, = phosphate
(dissolved inorganic phosphate), PN = particulate nitrogen, PP = particulate phosphorus. Source: Gruber et al. (2024).

Sub- Met Guideline Values (GVs) in 2022-23 in inshore Annual Long-term WQ
region marine areas condition WQ Index
Index
Chl-a | Water TSS NOy PO, | PN PP
clarity
Barron- Improving
. Yes No Yes No Yes | Yes | Yes Good (Chl-a, Water
Daintree .
clarity, PP)
;/luusls'g;?ve_ Yes No Yes No Yes | Yes | Yes Moderate ( CLTZTCF)’\II\;?I%P)
Tully Yes No Yes No Yes | No | Yes Moderate Impr('))\ll\;nlg)é;:hl-a,

Pesticides have been monitored in the inshore marine zone in the Wet Tropics Region at four fixed
(passive sampling) sites and in flood transects (grab samples). Passive sampler data has been collected
from Low Isles (since 2005), High Island (since 2015), Dunk Island (since 2008) and Lucinda Jetty (since
2014), but with a gap in reporting from 2019 to 2022 (see Negri et al. 2024 for a summary); passive
sampling at these locations has since recommenced. Passive samplers are a time-integrated measure of
pesticide concentrations, providing an average concentration over the deployment period — usually 4—6
weeks?. As a result, peaks in pesticide concentrations are not known, but the detection limits are much
lower than concentrations reported for grab samples, providing an understanding of which pesticides are
distributed from catchments into the inshore marine environment.

The most recent reporting of the inshore marine pesticide concentrations is from the 2023-2024 wet
season sampling period (Thompson et al. 2025). Atrazine, diuron, hexazinone, imidacloprid, metolachlor,
metribuzin and tebuthiuron were the most prominently detected pesticides (Figure 21). Pesticide
concentrations are generally low compared to end of catchment monitoring data, with only
metolachlor’s 99% species protection value exceeded at Lucinda Jetty (Thompson et al. 2025). A high
concentration of chlorpyrifos, an insecticide, was also detected at Low Isles (0.096 ng/L). Noting that
chlorpyrifos does not have a marine guideline value but, as a reference, the freshwater guideline value is
0.04 ng/L (ANZG, 2018) indicating its high toxicity. As the passive sampler chlorpyrifos concentration was
a daily average over 25 days, the result indicates either a long exposure period to concentrations above
the guideline value, or even higher concentrations over shorter periods. Either way, the high toxicity of
this chemical and the potentially long exposure period is of concern particularly for arthropod species
(e.g., crustaceans).

2! The methods for passive sampler monitoring are reported in the Marine Monitoring Program reports (e.g., Thompson et al.
2025)
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Figure 21. Total estimated water concentrations (ng L/1) of Total Pesticides at Wet Tropics inshore marine sites/deployment
period derived from ED passive samplers (adopted from Thompson et al. 2025).

The most recently reported data from transect monitoring in the 2024—2025 wet season targeted flood
plumes from the Barron, Tully and Mulgrave-Russell rivers. Pesticide grab samples from the large Barron
River flood in December 2023 (at salinities close to seawater) indicated very low concentrations of
diuron (<0.008 pg/L), metolachlor (<0.004 ug/L), and imidacloprid (<0.013 pg/L) (Moran et al. 2025) —
noting though that the sampling occurred 11 days after the flood peak and concentrations would have
dissipated over this period and may have been much higher in the period leading up to peak flood levels.
This presents an interesting result that may require further investigation, as catchment monitoring
(based on monitoring in from 2017-2019) has indicated that pesticide risk at the end-of catchment was
very low for the Barron River.

Concentrations of diuron and imidacloprid in the December 2023 sampling were higher in the Tully
plume freshwater sections (~0.1 pg/L and ~0.06 pg/L, respectively) compared to the Mulgrave-Russell
(~0.055 pg/L and ~0.014 ug/L, respectively), with imidacloprid around a proposed 99% species protection
marine threshold value (0.057 pg/L; King et al. 2017). This result is expected due to the sampling times of
the plumes, with the Tully sampled just before the peak flood and the Mulgrave-Russell sampled just
after the peak. As expected, all pesticide concentrations were much lower in the samples collected in
March 2024. Metolachlor’s 99% species protection value was exceeded in flood grabs from the Tully
Region and in the majority of surface samples taken from the Mulgrave-Russell region (Thompson et al.
2025).

The results for diuron and metolachlor showed a distinct difference between samples collected at the
surface compared with samples collected 1 m above the seabed, the results for imidacloprid showed
variability across the whole depth profile. This most likely reflects the persistence of imidacloprid in
marine waters and is discussed further in Thompson et al. (2025).

5 Catchment conditions related to water quality (Drivers)

Several landscape characteristics can influence how local and catchment scale conditions can influence
water quality. These characteristics include ground cover, riparian vegetation extent and vulnerability to
soil erosion.

5.1 Changes in land-based runoff to the GBR

Land-based runoff occurs when freshwater flows from the terrestrial environment enter into receiving
waterbodies. These flows can transport fine sediments, nutrients, pesticides and other pollutants.
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Diffuse source land-based runoff occurs naturally and has always delivered sediments and nutrients to
the GBR. However, land use changes since European settlement have increased the loads of sediments
and nutrients entering the GBR above those natural levels, and also introduced pesticides and other
pollutants to the GBR. Such changes have affected water quality and pose a risk to freshwater, estuarine,
coastal and marine ecosystems (McKenzie et al. 2024a).

There are multiple lines of evidence demonstrating that the volume of river discharge and loads of
suspended sediment, dissolved and particulate nutrients (nitrogen and phosphorus), and pesticides have
increased for most river basins of the GBR catchment area since the arrival of Europeans (Lewis et al.
2024a). Prior to European settlement (c. 1850), the GBR catchment was covered with woodlands,
grasslands and forests, and coastal floodplain and wetland systems. These land-based elements can act
as natural filtering systems or traps for sediment and nutrients that run off from the land when it rains
(Davis & Pearson, 2024; Waterhouse et al. 2024a, 2024b). Changes to the catchments that have occurred
since European settlement such as vegetation degradation, changed hydrology, increased erosion and
expansion of fertilised land uses, urban centres and coastal developments have increased the amount of
pollutants delivered to the GBR (Waterhouse et al. 2024a). Across the GBR, pollutant loads from the
catchment area to the GBR have increased from pre-development loads by 1.4 to 5 times for fine
sediments, and 1.5 to 3 times for dissolved inorganic nitrogen (DIN; with variations depending on basins).
All loads of pesticides are anthropogenic and while the highest usage is from agricultural areas,
pesticides are also used in urban areas (Waterhouse et al. 2024a). The latest modelling information
suggests that for the Wet Tropics Region, pollutant loads have increased by 1.3 to 3.4 times for fine
sediments (with the lowest increase in the Daintree, and highest in the Johnstone, followed by the
Herbert and Tully), and by 1.2 to 5.1 times for DIN (with the lowest increase in the Daintree and highest
in the Herbert and the Murray; refer to Section 6 for further detail) (DETSI, 2026).

5.2  Ground cover

Ground cover?? consists of the vegetation (living and dead) and biological crusts that are in contact with
soil surfaces, providing the topsoil with protection from erosion and drought. The amount of ground
cover is the result of interactions between landscape attributes (soil type, topography, and vegetation
dynamics), climate, and land management (Australian and Queensland Government, 2020). Some areas,
including the Wet Tropics, support naturally higher levels of ground cover due to factors such as high soil
fertility and consistently high annual rainfall. Benefits of maintaining good ground cover are wide
ranging, including protecting soil loss by reducing erosion, increased infiltration of water into the soil,
moderating surface temperatures, and controlling weeds (Bartley & Murray, 2024). Maintenance of
ground cover is essential for sustainable production, especially in rangeland environments where rainfall
is highly variable (Queensland Government, 2024a). In the Wet Tropics Region, the importance of good
ground cover for grazing is most relevant in the Upper Herbert area and parts of the Johnstone basin,
and to a lesser extent the upper catchments of the Tully and Murray.

Low ground cover is one indicator of the extent of vegetation degradation which accelerates all erosion
processes (Wilkinson et al. 2024). A link between low ground cover on grazed hillslopes and poor water
quality in runoff is well established by observational and experimental field studies. The observed
relationship between ground cover levels and hillslope erosion rates is non-linear, with erosion
increasing sharply as cover declines below 30 to 50%. Vegetation degradation (reduced ground cover and
tree clearance), usually linked to elevated grazing pressure, is also an important driver in the initiation of
gully erosion processes, which are the largest sediment source in GBR catchments (Wilkinson et al.
2024).

Lower ground cover provides less protection from direct raindrop impact, as demonstrated by
mobilisation of larger amounts of sediment at low cover levels including higher proportions of larger
sand particles. A minimum of 70-75% ground cover has been identified as being required to most
effectively protect the soil surface from rain splash and scour erosion and to sustain biota that maintain

22 https://www.gld.gov.au/environment/land/management/mapping/statewide-monitoring/groundcover
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soil structure (Wilkinson et al. 2024). Even though ground cover is an important indicator of hillslope
runoff and erosion, other vegetation factors influencing soil surface conditions must be considered when
developing management strategies to reduce runoff and erosion, such as vegetation biomass and
composition (Wilkinson et al. 2024).

Ground cover is measured and reported annually as part of the P2R program 3 using satellite imagery
which is calibrated and validated with quantitative field data (Australian & Queensland Government,
2024). The 2025 catchment management target is for 90% of the GBR’s grazing lands to have more than
70% ground cover in the late dry season. The target is based on the late dry season ground cover
because it represents the lowest point of vegetation cover throughout the year, which is important for
assessing soil erosion and water quality risks, especially in grazing lands during the most vulnerable
period when vegetation is at its minimum. Ground cover can be highly variable depending on annual and
longer-term rainfall patterns. Overall, the Wet Tropics Region met the ground cover target for 2022 with
95% of grazing lands having adequate ground cover (above 70% cover) and has remained relatively
consistent over time (Figure 22).
Ground cover and rainfall trends
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Figure 22. Annual mean late dry season ground cover and rainfall in the Wet Tropics Region from 1987 to 2022 (Source:
Australian & Queensland Government, 2024).

However, there is variability across the Wet Tropics basins (Figure 24). The Barron and Herbert basins
have remained relatively consistent over time (1987-2022), and these are the Wet Tropics basins with
the majority (75%) of grazing areas in the Region. In 2022, the ground cover of several basins was below
their long-term average including the Johnstone at 68% cover (compared to a long-term average of 75),
the Mulgrave-Russell had 71% cover (compared to long-term average of 76%), the Tully had 74% cover
(compared to a long-term average of 82%) and the Mossman at 75% cover (long-term average 81%).

23 https://www.reefplan.gld.gov.au/tracking-progress/paddock-to-reef
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Figure 23. Mean late dry season ground cover (%) for Wet Tropics basins between 1987 and 2022 (DESI, 2023).
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Figure 24. Map of the Wet Tropics NRM Region 2022 late dry season ground cover (%) (Source: Australian & Queensland
Government, 2024).

5.3 Riparian vegetation extent

Vegetation clearing is one of the most significant drivers affecting land-based runoff to the GBR’s
waterways. Historical and ongoing clearing of native vegetation has substantially modified catchment
hydrology, resulting in increased runoff volumes and velocities while simultaneously reducing the
landscape's natural capacity to trap and filter pollutants.

Research has demonstrated that the clearing and removal of vegetation alters surface water runoff
patterns and changes infiltration processes in the landscape which collectively can lead to more intense
runoff responses in high rainfall events. The effects of vegetation clearing also extends to broader
geomorphological processes. When clearing occurs on erodible soils and steep terrain, the resulting
increased runoff energy and reduced soil cohesion can trigger accelerated gully formation and channel
incision. These geomorphic changes further alter catchment hydrology and sediment delivery processes,
creating a cascading effect on water quality (Wilkinson et al. 2024). In the Daintree River, for example,
areas where riparian vegetation has been cleared show streambank erosion rates up to 6.5 times higher
than areas with intact vegetation (Bartley et al. 2008).

Vegetation management laws passed by the Queensland Government in 2000 regulate clearing of native
vegetation to conserve remnant vegetation, minimise land degradation, maintain ecological processes,
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prevent the loss of biodiversity and reduce greenhouse gas emissions. In addition to the vegetation
management framework, clearing activities may also be regulated under other Queensland Government
legislation, Australian Government legislation and local government requirements. Since 2018, clearing
of all native vegetation within 50 m of an identified watercourse or drainage feature has been regulated
in all GBR catchments. This was in addition to clearing protections provided by the vegetation
management framework for Category B areas (regulated remnant vegetation) and Category C areas (high
value regrowth). The majority (approximately 94%) of detected clearing across the GBR is lawful clearing
of regulated vegetation or is re-clearing of areas where vegetation was previously lawfully cleared
(Category X areas) (Australian & Queensland Government, 2024).

Riparian areas are defined as the area within 50 m of a mapped stream or riverine wetland in the GBR
region. Vegetation in riparian areas is important for water quality as it increases streambank stability,
helps intercept overland flows, preventing sediment and nutrient generation from erosion and can
regulate water temperature (Australian & Queensland Government, 2024). The Queensland biodiversity
status of 2017 remnant regional ecosystems data (Neldner et al. 2023) was used to assess areas
historically cleared of native riparian vegetation prior to 2018. Remnant areas represent the remaining
natural vegetation that has not been significantly disturbed or cleared. More recent rates of vegetation
clearing were assessed using woody vegetation clearing data from the Statewide Landcover and Trees
Study (SLATS) (DETSI, 2024). Only woody vegetation is considered because non-woody vegetation
includes grasses that can be highly seasonal and easily modified through grazing, fire or mechanical
interference (Neldner et al. 2023). In recent years, SLATS has introduced a revised and enhanced
methodology which means loss figures reported for the 2019-22 period are not directly comparable with
earlier reporting periods (Australian & Queensland Government, 2024).

The 2025 catchment management target for all regions, is to increase the extent of riparian vegetation.
In the Wet Tropics NRM Region there was ‘moderate’ progress towards the target, with 456 hectares of
riparian woody vegetation cleared between 2018 and 2021, according to the 2021-22 Report Card
(Australian & Queensland Government, 2024).

Historical clearing of riparian vegetation from streams and rivers, and floodplain wetlands varies widely
across the Wet Tropics Region (Table 18). The Johnstone has the highest historical riparian vegetation
clearing from streams and rivers, with 40% of its original riparian vegetation extent lost by 2018. Most
other basins have lost 15 to 20% of their stream and river riparian vegetation, with the exception of the
Daintree which has remained largely intact with only around 5% lost. In contrast, riparian vegetation loss
in floodplain wetlands has been considerably higher. The highest proportional losses have been in the
Mossman (12% remaining) and the Barron (18% remaining). Several other basins have lost around half of
their original floodplain wetland riparian vegetation including the Johnstone, Tully, Murray, and the
Herbert and the Daintree and Mulgrave-Russell have lost around a third.
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Table 18. Remnant and full extent of riparian vegetation in the Wet Tropics Region and percentage of remnant vegetation
remaining up to 2018. Source: DETSI (2024).

Basin Management | Riparian stream and river vegetation Riparian floodplain palustrine and
Unit lacustrine wetland vegetation
Extent (ha) % Extent (ha) %
Remnant | Full extent | "€Maining [ pemnant Full extent | femaining

Daintree 43,738 46,275 95 3,702 5,611 66
Mossman 7,668 9,081 84 10 82 12
Barron 33,031 42,401 78 230 1,277 18
Mulgrave-
Russell 30,225 38,275 79 11,467 15,726 73
Johnstone 29,135 48,362 60 3,106 6,897 45
Tully 27,188 33,812 80 6,669 12,903 52
Murray 15,700 20,347 77 5,940 11,469 52

Upper Herbert | 113,870 119,093 96 6,105 7,300 84
Herbert Lower Herbert 41,853 53,092 79 6,531 18,400 35

Herbert basin

total 155,723 172,185 90% 12,637 25,700 49%
Wet Tropics 342,408 410,737 83% 43,760 79,666 55%

In terms of more recent riparian vegetation clearing (2019 —2022), floodplain wetlands have continued
to experience higher proportional losses than streams and rivers in the Wet Tropics (Table 19). Clearing
rates ranged from 0 hectares in the Daintree, Mossman and Mulgrave-Russell to 57 hectares in the
Lower Herbert (0.9%), 38 hectares in the Murray (0.6%) and 11 hectares in the Tully. As a proportion of
the floodplain wetland riparian vegetation extent, the Barron had the highest relative clearing rate of
1.2%. Riparian floodplain wetland vegetation clearing was primarily associated with clearing for pasture
(i.e. grazing). The Lower Herbert had the highest area of riparian vegetation clearing from streams and
rivers (116 ha), followed by the Barron (98 ha), the Upper Herbert (77 ha) and the Johnstone (67%).
Riparian vegetation clearing of streams and rivers was primarily associated with pasture (124 ha),
followed by timber plantations and forestry (38 ha) and crops (22 ha).
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Table 19. Riparian vegetation clearing between 2019 and 2022 in the Wet Tropics Region. Full clearing (C) is a human-induced clearing event that results in the complete removal or destruction of

woody vegetation that converts an area from woody to non-woody (i.e. less than 10% woody crown cover remains). Partial clearing major (PCM) relates to a human-induced clearing event that
results in the partial but significant removal or destruction of woody vegetation. These are areas where greater than 50% of the woody vegetation has been affected by clearing but the area

remains woody (i.e. greater than 10% crown cover remains). Source: DETSI (2024).

Basin Mgmt. Riparian streams and rivers vegetation (ha) Riparian floodplain palustrine and lacustrine wetland vegetation (ha)

Unit

Pasture | Crop | Settlement & Timber Total 2019 % Pasture Crop Settlement & Timber Total 2019 % cleared
(C& (C) Infrastructur | plantatio | clearing woody cleared | (C, PCM) (C) Infrastructure | plantation | clearing woody
PCM) e (C) n(C) & veg. (C) (C) & veg.
forestry forestry
(PCM) (PCM)

Daintree 3 0 1 0 5 44,423 0 0 0 0 0 0 4,428 0.0
Mossman 0 0 11 0 11 8,343 0 0 0 0 0 0 30 0.0
Barron 27 14 3 54 98 38,203 0 1 0 6 0 7 593 1.2
Mulgrave- 7 11 3 0 21 33,584 0 1 1 0 0 2 12,403 0.0
Russell
Johnstone 59 7 0 0 67 36,573 0 3 6 0 0 9 4,142 0.2
Tully 9 3 1 0 13 29,190 0 9 0 2 0 11 7,870 0.1
Murray 9 7 0 27 42 17,431 0 29 1 0 7 38 6,705 0.6
Herbert | Upper 68 1 7 1 77 113,900 0 5 0 1 0 7 5,725 0.1

Herbert

Lower 56 21 2 37 116 44,648 0 45 6 1 6 57 6,219 0.9

Herbert

Zet;‘;e’t 124 22 9 38 193 | 158548 0 50 6 2 6 64 11,944 05
Wet
Tropics 240 63 29 119 451 | 366,296 0 93 14 9 13 130 48,114 0.3
Region
totals
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5.4 Soils and soil erosion

Soil?* is the thin layer of material covering the earth’s surface and it is formed from the weathering of
rocks. It is made up mainly of mineral particles, organic materials, air, water and living organisms—all of
which interact constantly. Most plants get their nutrients from the soil and plants are the main source of
food for humans, animals and birds. Therefore, most living things on land depend on soil for their
existence. Soil is a valuable resource that needs to be carefully managed as it is easily damaged, washed
or blown away. It is critical that soil is understood and managed properly to avoid destroying an essential
building block of the environment and food security (Queensland Government, 2024a).

Soil erosion is a widespread problem in Queensland and can cause significant impacts to the
environment and infrastructure. All soils can be eroded but some are more vulnerable than others. Soils
with dispersible subsoils, for example, are subject to serious erosion by tunnelling and gully formation.
Understanding the type of soil and how prone it is to erosion can help avoid problems in agriculture and
on waterways and infrastructure. Erosion can be avoided by using land according to its capability,
protecting the surface cover and controlling runoff (Queensland Government, 2024a).

To fully assess the risk of soil erosion, it is important to consider the erodibility of the soil, in combination
with other factors such as slope, land use, climate data and land cover data. For example, areas with a
high vulnerability to erosion are unlikely to be eroded if grazing pressure is low and there is high ground
cover, whereas areas of low vulnerability could still erode under high grazing pressure. Thus, inherent
vulnerability to erosion does not determine the erosion outcome necessarily (Zund & Payne, 2014).

The three dominant soil types found in the Wet Tropics Region are dermosols (including non-sodic
chromosols/kurosols/kandosols), ferrosols and rudosols/tenosols (Hateley et al. 2014). Dermosols are
the most widespread soils found in the Region and occur mostly in the humid coastal area, forming on a
wide range of geologies and terrain and are commonly quite fertile. These are the areas mostly used for
cropping. Dermosol soils are considered to be moderately to highly erodible depending on slope and
ground cover. Kandosols generally have low fertility and are highly susceptible to erosion and are mostly
located in the upper Herbert River catchment where there are extensive areas of dryland grazing.
Ferrosols are the ‘red soils’ found in the Tablelands. These soils have exceptional physical properties that
make them prized for agriculture, particularly sugarcane, dairying and horticulture. Ferrosols can be
prone to surface water erosion if left bare as they are often very friable. Rudosols and tenosols soils
occur in the upper Herbert basin on many types of parent material, with quartz-rich sandstones and
siliceous volcanic rock the most common and are used mainly for grazing. These soils are highly erodible
(Terrain NRM, 2015). Further information about soil types and soil erodibility is relevant to the spatial
prioritisation of management actions in the Region, and will be considered in the Regional Prioritisation.

The current estimates of fine sediment contributions from different erosion types (hillslope, streambank
and gully) are presented in Section6.1.2. Current understanding of gully presence and density mapping is
shown in Figure 26.

5.5 Gullies

Gully, hillslope and streambank erosion are the primary sources of sediment to the GBR, with
approximately 52% of the total fine sediment load originating from gully erosion processes (Wilkinson et
al. 2024). Gullies form when surface water concentrates and scours out channels in the landscape,
creating deep, often permanent incisions in the soil. Vegetation degradation and surface disturbance are
the primary biophysical drivers contributing to, and accelerating, gully erosion processes (Wilkinson et al.
2024). Clearing of woody vegetation and reduced groundcover increase soil exposure to rainfall impact
and runoff, while surface disturbance from activities such as cattle trampling can further exacerbate
erosion, particularly in areas already prone to gully formation. Both these factors contribute to the

24 https://www.gld.gov.au/environment/land/management/soil
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initiation and expansion of gully networks, which, once formed, can persist as significant sediment
sources for decades or longer (Wilkinson et al. 2024).

Beyond their role as sediment sources, gullies also act as efficient pathways for delivering fine sediment
and associated particulate nutrients directly to stream networks. The high connectivity of these erosion
features to mainstream channels means that sediment and nutrients from gullies often have minimal
opportunity for deposition before reaching the GBR lagoon (Brooks et al. 2024). Understanding the
initiation process, spatial distribution and intensity of gully and channel erosion can therefore provide
valuable insights to inform targeted land management and remediation efforts in areas most affected by
erosion.

5.5.1 Gully methods

To understand the scale of gullies and sediment supply associated with gully erosion across the Wet
Tropics Region, the following metrics were assessed based on the data produced by the Queensland
Government gully mapping program (Darr & Pringle, 2017) and the associated Source Catchment model:

e Total average annual sediment supply (AASS): This metric shows the total sediment output from
gully erosion calculated as kilotonnes per year.

e Total gully length: Total length of the gully system calculated in kilometres.

e Gully erosion rate: Intensity of gully erosion calculated as tonnes per year per kilometre.

Gully Average Annual Sediment Supply (AASS)

The AASS is calculated in the Paddock to Reef Source Catchment model developed by the Queensland
Government (McCloskey et al. 2021). The AASS metric represents the total eroded soil mass (fine
sediment and coarse sediment) whereas the end-of-catchment loads focus on the fine sediment
proportion as this is the dominant fraction that is transported into the GBR lagoon. This difference
results in higher gully erosion figures from the AASS metric compared to the loads associated with gully
erosion presented in Section 6.1.2, which reports the fine sediment fraction only. However, the findings
still provide an accurate representation of areas that may benefit from a greater focus on gully
management and potentially have greater relevance at a local scale where deposition of coarser material
may occur.

The linear gully erosion model used to estimate the AASS is derived from:

e gully density and the area of each Functional Unit at the sub-catchment scale (i.e. land use),
e cross-sectional area,

e soil bulk density value, and

e the time period the erosion has occurred over.

The AASS model is calculated over the period 1970 to 2023 to capture a broad range of climatic
conditions and runoff rates and enable the calculation of the long—term average annual gully erosion
load.

Gully Length: Gully length was calculated at the sub-catchment scale by determining the total length of
gully features within each area. These values were also determined for each Functional Unit. The
resulting lengths were then aggregated by management unit.

Gully Erosion Rate: The gully erosion rate for each management unit is calculated by dividing the total
AASS by the corresponding gully length.

5.5.2 Gully results

The relative density of erosion features in the Wet Tropics was assessed using the Queensland Gully 1 km
layer (State of Queensland 2021), which represents the count of 100 x 100 m cells containing gully head
erosion within each 1 km? cell. Gully head erosion refers to the process where the uppermost part of a
gully retreats upslope over time due to water flow. Where data were available, the number of gullies in
each km? were categorised into five distinct classes to examine differences in erosion severity and
distribution across the Wet Tropics landscape: 0 (no gully erosion present), 1-3 (low presence), 4-7

Wet Tropics Regional Water Quality Strategy: Synthesis of supporting evidence, June 2026 v2.0
58



(moderate presence), 8-15 (high presence), and 16-59 (very high presence) (Figure 25, Figure 26, Table
20).

In the Wet Tropics Region, mapped gully density is generally relatively low across all basins. The Herbert
is the only basin in the Region that contains a significant number of gullies (97% of the mapped gullies in
the Wet Tropics), with most of these occurring in the upper part of the basin (Table 20). In the Upper
Herbert, 803 1 km? cells contain 1-3 gullies, 684 1 km? cells contain 4-7 gullies, 644 1 km? cells contain 8-
15 gullies, and 420 1 km? cells contain a very high presence of gullies (16-59 per km?)
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Figure 25. Gully count per km? in the Wet Tropics Region (Source: State of Queensland, 2021).
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Figure 26. Gully presence mapping for the Wet Tropics Region (Source: State of Queensland, 2021). Gully Count for each km? was

classified into five categories: 0 (no gully erosion present), 1-3 (low presence), 4-7 (moderate presence), 8—15 (high presence),

and 16-59 (very high presence). Derived from State of Queensland (2021).
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Table 20. Gully density shown as number of gullies per km?. Gully Count was classified into five categories: 0 (no gully erosion
present), 1-3 (low presence), 4-7 (moderate presence), 8—15 (high presence), and 16—59 (very high presence).

Basin Count per km?
Mgmt. No data 0 1-3 4-7 8-15 16-59
Unit available
Daintree 2,083 2,244 3 0 0 0
Mossman 471 590 1 0 0 0
Barron 2,165 2,297 52 8 0 0
Mulgrave- 1,953 2,153 0 0 0 0
Russell
Johnstone 2,291 2,486 15 0 0 0
Tully 1,650 1,827 2 1 0 0
Murray 1,112 1,266 2 0 0 0
Upper 6,651 4,475 803 684 644 420
Herbert
Herbert Lower 3,097 3,205 60 30 16 4
Herbert
Herbert
9748 7,680 863 714 660 424
total !
Wet Tropics Region totals 21,473 20,543 938 723 660 424

5.6 Connectivity

Evidence published over the last three decades for the GBR and its catchment universally indicates the
importance of the biophysical, and particularly the hydrological connections within and between
freshwater and marine ecosystems. Connections across the catchment-to-reef landscape are diverse and
essential to many biogeochemical and ecological processes, plants and animals. In the catchment, there
are important connections between land and waterways, and through the aquatic system, with transport
of dissolved and suspended materials from land-based activities (e.g., agriculture, urban areas and
coastal development), including sediments, organic material, nutrients and pesticides, plant propagules
and animal larvae. Larger animals, especially fish, actively move between connected habitats for
reproduction and dispersal. The strength of the catchment-to-reef connections typically diminishes from
inshore to offshore, especially in the case of the transport of sediments and dissolved materials.
However, some connections remain strong across an inshore to offshore gradient, for example, for
animal species that migrate from streams to oceanic waters. Strong connections in marine systems are
driven by prevailing water currents for planktonic organisms, and by migratory capabilities of others,
especially vertebrates (Davis & Pearson, 2024).

Connectivity is strongly influenced by many spatial and temporal patterns and processes (e.g.,
biogeographic history, oceanographic and catchment hydrodynamics, flood plumes, tides, life history
strategies), and may be interrupted by some natural and, increasingly, anthropogenic processes and
drivers. Anthropogenic barriers to connectivity are created by artificial structures for water management
in catchments, such as dams, weirs, other water control structures, and culverts; by stretches of poor
water quality, especially discharges during critical periods of faunal movement; and dense plant growth
(exacerbated by loss of riparian shade and input of nutrients from agricultural drainage). Marine
dispersal may be interrupted or curtailed by natural temperature gradients, human-induced change to
marine temperature regimes and input of poor water quality from catchments (Davis & Pearson, 2024).
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In the Wet Tropics Region, most river basins are relatively free from impoundments. A fish barrier
indicator score for estuaries in the region ranges from ‘moderate’ in the Barron in 2021-22 to ‘very
good’ for the Mulgrave-Russell and Johnstone, both last assessed in 2015-16 (Wet Tropics Waterways,
2024a) (Table 21). Remediation work has recently been carried out in the Hinchinbrook Channel as part
of the Fish Homes and Highways project and involved the construction of fishways at five sites that were
previously identified as fish barriers. The most substantial change was due to remediation of a rock weir
barrier on the main channel of the Herbert River at Gedges Crossing through the construction of a 250 m
rock fishway. The fishway has connected the 250 km of upstream waterways that have no barriers to the
downstream reaches of the Herbert River. The remediation works have resulted in a grade improvement
from ‘moderate’ (score = 60) to ‘good’ (score = 80) for the Hinchinbrook Channel fish barrier indicator
(Wet Tropics Waterways, 2024a).

Table 21. Number of identified barriers for the most recent estuary fish barrier assessments (Wet Tropics Waterways, 2024b).
Fish barrier score based on barrier density and stream length to the first barrier on priority 3 and 4 waterways.

Estuary and assessment year Number of barriers Fish barrier (standardised score)
Daintree (2021-22) 26 Good

Dickson Inlet (2021-22) 1 Good

Barron (2021-22) 17 Moderate

Trinity Inlet (2015-16) 10 Good
Mulgrave-Russell (2015-16) 9 Very good

Johnstone (2015-16) 10 Very good

Moresby (2015-16) 5 Good
Hinchinbrook Channel (2022-23) 29 Good

5.7 Climate variability

This section summarises observations and predictions of climate change for the GBR region and Wet
Tropics subregion, based on the Climate Change in Australia Tool (CCIA) by CSIRO and the Bureau of
Meteorology (2015) % (Fabricius et al. 2024).

The following key summary climate projections by the CCIA apply to the GBR region:

e Average temperatures will continue to increase in all seasons (with very high confidence).

e More hot days and warm spells are projected (with very high confidence).

Changes to rainfall are possible but unclear.

Increased intensity of extreme rainfall events is projected (with high confidence). More severe

episodic runoff from intensifying rainfall extremes will affect the inshore GBR.

e Mean sea level will continue to rise, and height of extreme sea level events will also increase
(with very high confidence).

For the Wet Tropics subregion specifically, additional projections by the CCIA include:

e Fewer but more intense tropical cyclones are projected (with medium confidence).
e On an annual and decadal basis, natural variability in the climate system can act to either mask
or enhance any long-term human induced trend, particularly in the next 20 years and for rainfall.

Further details are presented in Table 22.
Freshwater discharge to the GBR has also increased considerably in both frequency of large events and

the volume of such events since the 1850s and again since the 1950s against a long-term background
dataset extending over the past ~400 years (Lough et al. 2015). This increase is correlated with changes

25 https://www.climatechangeinaustralia.gov.au/en/
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in the frequency and intensity of El Nifio Southern Oscillation (ENSO) events and the behaviour of the
Indo-Australian monsoon across northern Australia, as well as from increased runoff likely due to
widespread land clearing (and resulting catchment hardening) (Lewis et al. 2024a).

Table 22. Observed and predicted changes in climate and extreme weather events for the Wet Tropics subregion (includes Cape

York, Wet Tropics and Mackay Whitsunday NRM regions), within the GBR. Predictions are compared to the reference period
(1986-2005) and are given as 10" and 90" percentiles for the near future years 2020—-2039 (referred to as 2030) and 2080-2099

(referred to as 2090). Source: Fabricius et al. (2024) based on Mcinnes et al. (2015).

temperature (change
in °C)

(1910-2022)

Indicator Observed (time | Predicted for 2030 | Predicted for 2090 | Predicted for
range in (compared to (RCP4.5) 2090 (RCP8.5)
brackets) reference years (compared to (compared to

1986-2005) reference years reference years
1986—2005) 1986—2005)

Surface air +1.1 (1910 to +0.3to 1.1 +1.0t0 2.0 +2.3t03.9

temperature (change | 2013)

in °C)

Sea surface +1.0°C +0.3t0 1.0 +1.0t0 1.8 +2.2t03.5

Temperature
extremes (number of
days)

Average temperatures will continue to increase in all seasons (very high
confidence), currently by 0.1 to 0.2°C per decade.
A substantial increase in the temperature on the hottest days, the frequency of
hot days and the duration of warm spells is projected (with ver

high confidence).

Marine heatwaves

Four times (5-95%

Eight times (3— 15

long-term trend

(days >99th range: 2-9 times) times) more
percentile of sea more frequent in frequent under
surface temperature 2081-2100 SSP5-8.5
observed in 1982 to compared to 1995—-
2016) 2014 under SSP1-
2.6

Ocean acidification -0.06 to -0.08 -0.14 to -0.15 -0.31t0-0.32
(change in pH)
Sea level rise (m) +1.4 mm/yr +0.09t0 0.18 +0.31t0 0.64 +0.44 t0 0.87

(1966 to 2009)

(+3.1 mm/yrin

1993 to 2009)
Mean rainfall (%) No significant -12to +6 -12to +8 -26to +21

Intense rainfall

NA

Increased intensity of extreme daily rainfall events is projected,
with high confidence. However, the magnitude of the increases
cannot be confidently projected.

Drought NA Drought will continue to be a feature of the regional climate
variability, but projected changes are uncertain.
Tropical cyclones NA Less frequent cyclones, but the proportion of the most intense

storms is projected to increase (medium confidence)

6 Pollutant sources

The primary pollutants that are related to land-based runoff in the GBR and the Wet Tropics Region
specifically are nutrients (primarily dissolved inorganic nitrogen but also particulate nitrogen and
phosphorus), fine sediment and pesticides.

Nutrients are the natural chemical elements and compounds that plants and animals need to grow.
Nitrogen (N) and phosphorus (P) are transported in runoff as tiny particles (particulates) and as dissolved
constituents in water. Concentrations of nitrogen and phosphorus may be enhanced in streams that are
subject to increased erosion, runoff from fertiliser application or discharge of sewage effluent. The
dissolved inorganic (and a proportion of the organic) nutrient forms are immediately available for
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biological uptake (i.e. use by plants and animals), and particulate nutrients may also become biologically
available via dissolution/desorption or via ingestion of particulates by biota (Water Quality &
Investigations, 2024). As described in Section 3.4, excess nutrients can have a negative impact on the
health of GBR ecosystems (Waterhouse et al. 2024a).

Sediments are the total suspended solids in water that include clay, silt and sand. Sediments are
characterised by different particle sizes. Not all sediment or particle size fractions present the same risk
to the GBR, with fine (<20 um) sediment moving farthest into the marine environment and settling more
slowly, leading to increased turbidity and reduced light, and therefore posing the greatest risk (Water
Quality & Investigations, 2024). In this synthesis, these sediments are referred to as ‘fine sediments’ (see
also Section 3.4 - Sediments).

Pesticides, including herbicides, insecticides and fungicides, are used for protecting agriculture and other
land uses from pest organisms (i.e., weeds and insects). Pesticides have been detected in the waters and
benthic sediments of rivers, creeks, wetlands, estuaries, and the inshore parts of the GBR catchments
and lagoon since the 1990s. The types and concentrations of pesticides in fresh, estuarine and marine
ecosystems vary between catchments and regions, reflecting the main land use in each area.
Chlorpyrifos, fipronil, imidacloprid, haloxyfop, imazapic, metsulfuron methyl, pendimethalin,
metolachlor, ametryn, atrazine, terbuthylazine, tebuthiuron, simazine, diuron, terbutryn, hexazinone,
metribuzin, 2,4 D, MCPA, fluroxypyr, triclopyr and isoxaflutole are represented through a Pesticide Risk
Metric (Water Quality & Investigations, 2024). Early research found that pesticides have the potential to
negatively affect important GBR species, including seagrass, corals and fish (Negri et al. 2024 and
references therein) (see also Section 6.2— Pesticide Risk).

6.1 Modelled end-of-catchment pollutant loads for nutrients and sediments

Due to the interannual variability in rainfall and other climate drivers, it is difficult to assess trends from
in-situ monitoring data alone. Modelled pollutant loads, which are validated using the in-situ data, are
therefore used to assess end-of-catchment pollutant loads over longer time periods. End-of-catchment
loads of fine sediments and nutrients are reported as part of the GBR Catchment Modelling Program2®
within the P2R program, every 1 to 2 years. It reports on baseline levels and the change in loads for each
subsequent year due to adoption of improved land management practices. This assesses progress
towards the GBR water quality targets with the latest results available in the Reef Water Quality Report
Card 2021 and 2022 (Australian and Queensland Government, 2024).

An updated modelled Report Card baseline (2023-24) was released in March 2026 (DETSI 2026) and the
results are presented below.

The detailed modelled load results are presented in Appendix B.

6.1.1 Dissolved nutrients

There is strong and consistent evidence of high anthropogenic dissolved inorganic nitrogen (DIN) exports
from basins in the Wet Tropics and Burdekin regions (Figure 27). These regions have substantial areas of
fertiliser-adding land use. Sugarcane is the biggest fertiliser-adding land use in the GBR catchments, but
bananas and other horticulture can be locally important (Prosser & Wilkinson, 2024b). Most nutrient
export occurs in the wet season, with chronic and continuously high exports in wet tropical catchments.
The detailed temporal pattern is also correlated to timing of fertiliser addition and loss (Prosser &
Wilkinson, 2024b). Surface runoff, subsurface movement and groundwater are all significant transport
pathways of dissolved nutrients to the GBR (Burford et al. 2024).

26 https://www.reefplan.gld.gov.au/tracking-progress/paddock-to-reef/modelling-and-monitoring
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Figure 27. Modelled annual average DIN loads for each of the six NRM regions. (Source: DETSI 2026).

The modelled end-of-catchment annual average DIN loads for the Wet Tropics basins are shown in Figure
28. The figure shows the anthropogenic load and pre-development load which together represent the
total load. The anthropogenic load is considered the ‘manageable’ load as it is driven by catchment
development, and the pre-development load represents catchment processes that are considered to be
natural. The Herbert basin generates the highest annual average DIN loads across the entire GBR
catchment area, with the majority of the load from the Lower Herbert. The DIN loads from the
Johnstone, Tully and Mulgrave-Russell basins are also among the highest exports to the GBR. Within the
Wet Tropics Region, the lowest DIN loads are from the Mossman and Barron basins, although the
anthropogenic load in the Daintree basin is comparable to these basins.
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Figure 28. Modelled pre-development and anthropogenic annual average DIN loads (tonnes) for the Wet Tropics basins (DETSI
2026).
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Land use sources of DIN

The primary anthropogenic sources of DIN in the Wet Tropics Region are sugarcane areas which produce
46% of the total DIN export, followed by bananas (15%) and grazing (9.4%) (Figure 29) (DETSI 2026).
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Figure 29. Modelled annual average DIN loads (tonnes) by land use in the Wet Tropics (DETSI 2026).

Figure 30 presents DIN loads by land use for each of the Wet Tropics basins, including the breakdown of
the Herbert basin (Upper and Lower) and shows considerable variability across basins in terms of
dominant land uses. This highlights the importance of different land use areas for targeting reductions in
end-of-catchment pollutant loads in the Region. In most basins, the majority of the DIN load is associated
with developed land uses. Sugarcane areas are the dominant source of DIN in the Lower Herbert
(contributing 84% of the DIN load for this basin), Murray (60%), Mossman (50%), and Mulgrave-Russell
(50%), whereas in the Johnstone and Tully there are two dominant land uses — bananas (contributing
34% and 32% respectively) and sugarcane (contributing 33% and 35% respectively). Grazing is the largest
contributor of DIN in the Upper Herbert (65%). The Daintree is the only basin where the main source of
DIN is from conservation land (75%).
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Figure 30. Modelled annual average DIN loads (tonnes) by land use in the Wet Tropics basins (DETSI 2026).

DIN loads by loss pathway

Across the GBR, it is estimated that 55% of the total export of DIN enters waterways via diffuse dissolved
sources, 36% via seepage, 6.9% via hillslope erosion and 2.0% from point sources (e.g., sewage treatment
plants). In the Wet Tropics, the dominant loss pathway varies depending on the basin. Seepage is the
dominant loss pathway in the Mulgrave-Russell (52%), Johnstone (64%), Tully (62%), Murray (60%) and
Lower Herbert (70%). Diffuse dissolved sources are the dominant loss pathways for DIN in the Daintree
(84%), Barron (66%) and Upper Herbert (98%). For the Mossman, both diffuse dissolved (48%) and
seepage (44%) are important DIN loss pathways. Point source pollution is relatively limited in the Wet
Tropics Region, accounting for a fifth of DIN export in the Barron (20%) and contributing small amounts
of the DIN export in the Mulgrave-Russell (3.2%), and Mossman (2.8%). Hillslope erosion is not a
dominant loss pathway compared to other processes, but is evident in the Mulgrave-Russell (8.9%),
Murray (8.3%) and Lower Herbert (14%).

) m Diffuse Dissolved

Daintree

® Hillslope

Mossman W Point Source

m Seepage

Barron
T
Murray
Upper Herbert
T T 1
Q 500 1,000 1,500

Modelled annual average dissolved inorganic nitrogen loads (tonnes)

Figure 31. Modelled annual average DIN loads (tonnes) by loss pathway into Wet Tropics basins (DETSI 2026).
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6.1.2 Sediments and particulate nutrients

There is strong and consistent evidence that the highest anthropogenic fine sediment exports to the GBR
come from basins in the Burdekin Region, followed by the Fitzroy Region (Figure 32). These regions have
substantial areas of grazing land use. Current exports of fine sediments are well above pre-development
rates and overall are 1.4 to 3 times higher than pre-development estimates, and in the largest basins are
2 to 5 times above pre-development rates. The Wet Tropics Region is the third largest contributor of
total fine sediment loads across the GBR. Following the Burdekin and Fitzroy basins, the Herbert is one of
the next largest exporters of fine sediment to the GBR (up to 600 kilotonnes per year). Another basin in
the Wet Tropics that exports notable fine sediment loads (over 150 kilotonnes per year) is the Johnstone
(DETSI, 2026; Prosser & Wilkinson, 2024a).

Grazing land use is the largest contributor of fine sediment export across the GBR, estimated to be
approximately 60% of the total load, with all other land uses each contributing much smaller amounts
(linked to total land area) (Prosser & Wilkinson, 2024a). Hillslope, gully and streambank erosion are each
important sources of fine sediment in particular regions. These findings are supported by multiple lines
of evidence including monitoring, modelling and radioisotope tracing studies (Bartley & Murray, 2024;
Lewis et al. 2024a; Prosser & Wilkinson, 2024a).

Modelled land use sources of particulate nitrogen (PN) and particulate phosphorus (PP) are similar to
that for suspended sediment (Figure 34 and Figure 35). Across the GBR, grazing land use contributes
>50% of exported particulate nutrients in all regions. In the Wet Tropics, grazing is the dominant source
of particulate nitrogen, and streambank is the dominant source for particulate phosphorus. Conservation
areas with forest cover can have a higher contribution of particulate nutrients than for suspended
sediments, possibly due to surface erosion of particulate organic matter in forests (Prosser & Wilkinson,
2024a).
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Figure 32. Modelled annual average fine sediment loads for each of the six NRM regions (Source: DETSI 2026).

The modelled annual average fine sediment loads for the Wet Tropics basins are shown in Figure 33. The
figure shows the anthropogenic load and pre-development load which together represent the total load.
The anthropogenic load is considered the ‘manageable’ load as it is driven by catchment development,
and the pre-development load represents catchment processes that are considered to be natural. The
Herbert basin (Upper and Lower Herbert combined) generates the highest annual average fine sediment
loads in the Region, with the greatest proportion coming from the Upper Herbert (62%). The next highest
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anthropogenic load is from the Johnstone basin (225 tonnes), followed by the Barron (57 tonnes), Tully
(51 tonnes), Mulgrave-Russell (50 tonnes), and Daintree (44 tonnes). The anthropogenic loads from the
Mossman and Murray basins are relatively small.
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Figure 33. Modelled pre-development and anthropogenic annual average fine sediment loads (kilotonnes) for the Wet Tropics
basins (DETSI 2026).

The modelled total annual average PN and PP loads for the Wet Tropics basins are shown in Figure 36
and Figure 37. The Johnstone generates the highest annual average PN loads in the Region (total PN load
of 1,752t), considerably higher than other basins. The next highest anthropogenic load is the Herbert
with both the Upper and Lower Herbert contributing similar anthropogenic loads, followed by the
Barron, Tully, and Mulgrave-Russell. Similarly, the Johnstone is also high for PP (total PP load of 625 t),
contributing double that of the Herbert which is the second highest contributor (287 t).
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Figure 34. Modelled pre-development and anthropogenic annual average particulate nitrogen loads (tonnes) for the Wet Tropics
basins (DETSI 2026).
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Figure 35. Modelled pre-development and anthropogenic annual average particulate phosphorus loads (tonnes) for the Wet
Tropics basins (DETSI 2026).
Land use sources of fine sediment and particulate nutrients

The estimated proportion of total fine sediment loads exported to the GBR from each land use is well
established through modelling, and is supported by monitoring data. Anthropogenic load contributions
of agricultural and urban land uses are collectively much higher than those of conservation areas
(Prosser & Wilkinson, 2024a) — the relatively undeveloped Cape York Region is the only NRM region
where conservation lands contribute more to the sediment loads than combined anthropogenic land
uses. Dominant contributors to the export of fine sediment in the Wet Tropics are streambank (44%),
conservation lands (23%) and grazing (20%). Sugarcane contributes 5.7% of the fine sediment load and
urban land use contributes <1% (Figure 38).
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Figure 36. Modelled annual average fine sediment loads (kilotonnes) by land use in the Wet Tropics Region (DETSI 2026).
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In the Wet Tropics, grazing and streambank areas are the dominant land use contributors of fine
sediments in the Upper Herbert (82%), Johnstone (69%) and Barron (74%) (Figure 37). Streambank areas
make an important contribution in other basins including the Tully (48%), Upper (49%) and Lower (44%)
Herbert. Conservation land is the dominant fine sediment contributor in the Daintree (47%).
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Figure 37. Modelled annual average fine sediment loads (kilotonnes) by Wet Tropics basin and land use (DETSI 2026).

The patterns of particulate nutrient loads by land use are similar to those for fine sediment, and are not
presented in detail in this report. Further information is available in McCloskey et al. (2021).

Fine sediment loads by erosion type

Across the GBR, it is estimated that 50% of the total export of fine sediment comes from gully erosion,
with equal contributions from streambank erosion (25%) and hillslope erosion (25%) (DETSI 2026). Each
process can dominate in particular basins with the intensity of erosion influenced by soil properties,
rainfall and other attributes (Prosser & Wilkinson, 2024a). In the Wet Tropics, recent modelling shows
that hillslope erosion is the dominant source (54%), followed by streambank erosion (44%), then gully
erosion (2.1%) (DETSI 2026).

Figure 38 shows the types of erosion for each of the Wet Tropics basins. Hillslope erosion is the
dominant source of fine sediment in all of the basins except the Barron where streambank erosion is the
dominant source (54%). Hillslope erosion ranges from 74% in the Murray to 43% in the Upper Herbert.
Gully erosion is limited across the Region, primarily restricted to the Upper Herbert catchment (8.1%)
and small contributions from the Barron basin (~2%).
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Figure 38. Modelled annual average fine sediment loads (kilotonnes) for erosion types in the Wet Tropics Region (DETSI 2026).

6.2 Pesticide risk

While nutrients and sediments can be quantified as end-of-catchment loads and attributed to specific
land uses through modelling, pesticides differ in their behaviour, monitoring, and assessment. Pesticide
impacts are driven by episodic exposure, toxicity thresholds, and mixtures, rather than mass loads. As a
result, pesticide sources and impacts in this report are characterised using risk-based metrics and spatial
patterns of exposure, drawing on the catchment monitoring data, land use contexts, and pesticide-type
profiles. This section synthesises the key drivers of spatial and temporal variability in pesticide risk across
catchments and examines how land use patterns and pesticide types contribute to observed risk
outcomes.

6.2.1 Drivers of the spatial and temporal patterns of pesticide risk

Risk levels can vary substantially within a single catchment, between seasons, and even within a single
wet season. These patterns reflect the interaction between land use, pesticide application practices,
hydrology, and in-stream and coastal processes that influence how pesticides are mobilised, transported,
diluted, and degraded across catchments.

Pesticides are ubiquitous across many of the GBR’s aquatic ecosystems including creeks and rivers,
palustrine wetlands and in estuarine and nearshore marine habitats, with concentrations decreasing
with greater distance from river mouths (Negri et al. 2024). Pesticide risk typically follows a gradient
from source to sea, with the ecosystems closest to the source of pesticide runoff (typically wetlands,
creeks, drainage ditches, and upper reaches of rivers) exposed to the highest concentrations (Negri et al.
2024 and references within). This spatial pattern is critical for understanding which ecosystems are likely
to be affected and prioritising both monitoring efforts and management interventions.

Pesticides and mixtures vary by basins and are associated with a range of factors including upstream land
use, distance from source, pesticide type, rainfall, catchment topography, degradation processes and
management strategies (Mitchell et al. 2005; Davis et al. 2014; Shaw et al. 2014). As water moves
downstream from the runoff source, several processes influence pesticide mixture profiles and
associated risk, i.e.:

Wet Tropics Regional Water Quality Strategy: Synthesis of supporting evidence, June 2026 v2.0
72



e mixing with waters from other areas with pesticide application can generate complex mixture
profiles;

e dilution from tributary inflows with low or no pesticide use can decrease pesticide
concentrations;

e natural breakdown or compartmentalisation of some pesticides into metabolites can reduce risk
and alter profiles; and

e mixing with tidal and marine waters can cause further dilution.

This can mean that the risk measured at the end-of-catchment is lower than upstream areas of the
catchment with high pesticide use. At the same time, other upstream parts of the catchment may have
lower risk, particularly conservation areas. These interacting, catchment-specific influences play an
important role in the spatial variability of pesticides and are particularly important for management
planning (Templeman & McDonald 2024 and references within).

Pesticides enter waterways primarily through surface runoff (Davis et al. 2012; Devlin et al. 2015) and
therefore exposure to aquatic ecosystems is closely tied with rainfall or irrigation events. During the wet
season in the GBR regions, pesticides occur ubiquitously in catchments downstream of agricultural land
uses commonly applying pesticides (i.e. December to March) (Hook et al. 2024). This period represents a
high exposure period for pesticides, and therefore a high-risk window for aquatic organisms (Negri et al.
2024). Pulses of pesticides, in parallel with runoff events, are generally highest at the start of the wet
season and taper down towards the end of the wet season (Smith et al. 2012). This temporal variability
presents a complex exposure pattern for aquatic organisms, with potential exposure to very high levels
for short periods (often referred to as acute exposure), periods of recovery, but overall a window of up
to six months or more of chronic exposure. The Pesticide Risk Metric (PRM) captures this complex
exposure pattern by providing an integrated assessment over the entire 182-day wet season window
(Warne et al. 2020), incorporating both peak exposure events and recovery periods. While this approach
enables consistent comparisons between years and catchments, it may underrepresent the ecological
impacts that can occur with intense, short-term (days to weeks) exposure events. For this reason,
analysis of both the PRM and the temporal variation in risk is essential to understand both acute high-
exposure events and chronic exposure patterns (see Section 0).

Year-to-year variations are also critical for our understanding of pesticide risk, particularly in terms of
changes in use patterns over time (Negri et al. 2024).
6.2.2 Land use and pesticide types

According to the 2022 SCS, sugarcane remains the dominant source of pesticides in GBR catchments
(Templeman & McDonald 2024). Warne et al. (2020) examined land use relationships with end-of-
catchment % species affected values (estimated using the Pesticide Risk Metric), finding that the
relationship between the land use proportions within a catchment and pesticide risk varied depending
on land use types, as presented below:

Risk of pesticide runoff Land use
to receiving waterways

Higher potential e Sugarcane, bananas, horticulture, dryland & irrigated cropping

N

Lower potential

e Forestry, urban, grazing (open grazing and forested grazing), dairy

\l, e Conservation, water, wetlands, other

Minimal
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In fact, conservation land use had a strong negative correlation with pesticide presence confirming that
areas that act as sources of dilution (i.e. runoff from areas where no or small volumes of pesticides are
applied) are important influences on the pesticide risk at the end-of-catchment (Warne et al. 2020).
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Figure 39. Proportion of land use for areas upstream of GBR Catchment Loads Monitoring Program pesticide monitoring sites in
the Wet Tropics Region. Land uses with a higher potential for pesticide risk are shaded pink-purple, land uses with a lower
potential for pesticide risk are shaded green-brown, and land uses with minimal potential for pesticide risk are shaded grey.

Table 23. Summary statistics of the combined land uses that have a higher potential for pesticide risk (sugarcane, bananas,
horticulture, dryland & irrigated cropping). Values are for the area upstream of the catchment monitoring sites and the whole
basin and the end-of-catchment (monitored) pesticide risk levels.

Myola

cropping (32%), with some
bananas (10%)

Monitored Combined land uses in that have a higher potential for pesticide risk End-of-
catchment [Basin] (proportion of combined area) catchment
Proportion of monitored Area in basin pesticide
X Land use types and .
catchment area (% of basin . . risk level
R . proportion of the combined
(Area in monitored area)
area
catchment)
1 1 0, [o)
Daintree Blver at 0.05% 1.9% Mix of sugarcane (64%) and
Lower Daintree (61 ha) (4,032 ha) . Very Low
. . horticulture (36%)
[Daintree Basin]
Mossman River at 12.2% 9.5% Dominated by sugarcane L
Bonnie Doon (2,416 ha) (4,522 ha) (98%), with minimal other ow -
. . Moderate

[Mossman Basin] high-risk land uses

11.9% 11.4% Mix of sugarcane (29%),
Barron River at (23,009 ha) (24,923 ha) horticulture (28%), irrigated

Very Low
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Monitored Combined land uses in that have a higher potential for pesticide risk End-of-
catchment [Basin] (proportion of combined area) catchment
Proportion of monitored Area in basin pesticide
. Land use types and .
catchment area (% of basin . . risk level
. . proportion of the combined
(Area in monitored area)
area
catchment)
. 10.0% Dominated by sugarcane
Mul R Low -
Deuefz:;we Iver at (7,880 ha) (95%), with minimal other l\/(I)Z\::Ierate
12.8% high-risk land uses
Russell River at East 18.0% (25,278 ha) Mix of sugarcane (85%), Low -
(9,442 ha) bananas (10%), with some
Russell . Moderate
horticulture (3%)
13.7% Mix of sugarcane (63%),
Johnstone River at 8.90% (31,794 ha) bananas (26%), with some Low
Coquette Point (14,472 ha) horticulture (7%) and
dryland cropping (4%)
14.8% Mix of sugarcane (78%) and
Tullv River at Euramo 13.1% (24,656 ha) bananas (19%), with Low -
¥ (18,954 ha) minimal other high-risk land | Moderate
uses
. 17.6% Dominated by sugarcane
0,
Murray River at 33.3% (19,805 ha) | (98%), with minimal other | High
Bilyana (14,901 ha) . .
high-risk land uses
8.3% Dominated by sugarcane
Herbert River at John 3.7% (82,081 ha) (78%), with some irrigated Low -
Row Bridge (32,282 ha) cropping (13%) and dryland | Moderate
cropping (3%)

6.2.3 Risk patterns and drivers

Pesticide types and contributions

The pesticide risk is based on the contributions of up to 22 pesticides (as previously discussed) that
includes three key groups of pesticides: PSIl herbicides, other herbicides and insecticides. These
pesticides are not uniformly distributed in GBR waterways with the numbers detected and
concentrations of individual pesticides varying both in and between catchments, basins, and regions
(e.g., Water Quality & Investigations, 2021; Hook et al. 2024). To understand what is driving the pesticide
risk, we need to break down what are the dominant contributors to the risk from these 22 pesticides.
Analysis of the monitoring data across the Wet Tropics catchments reveals clear patterns in both the
types of pesticides present and their contributions to overall ecological risk. Understanding these
patterns is crucial for targeting management interventions effectively.

Table 24 provides a detailed ranking analysis of the top 12 pesticide contributions?” to risk across the
Wet Tropics catchments over the years monitored between 2016 and 2023. In total there are 46
combinations of catchments and years monitored for which an annual PRM value was estimated. The
numbers in the table indicate the number of these combinations where a pesticide ranked in its
contribution to the annual PRM value. The results show that diuron and imidacloprid dominate the
contribution to risk rankings across catchments and years monitored, collectively accounting for 44 of
the first-place rankings and 32 of the second-place rankings. Metolachlor and atrazine frequently
appeared in the middle rankings, followed by MCPA and imazapic (3rd—6th positions). Less frequent
contributors like triclopyr, chlorpyrifos, ametryn and metsulfuron methyl cluster more in lower rankings
(7th—9th positions).

Figure 40 further elucidates these patterns by showing both the percentage of species affected and the
relative contributions of individual pesticides across the different risk gradings. The data reveals a clear

27 |n general it was found that the majority of the risk is contributed to by up to 12 pesticides.
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increase in % species affected from diuron and imidacloprid with increasing grades of risk (Figure 40A).
Proportionally, however, the contributions (Figure 40B) of each pesticide to the total risk are more
consistent across the risk gradings, apart from an inverse trend for metolachlor. If contributions remain
stable across the different risk grades, this would indicate that usage and catchment characteristics that
determine pesticide runoff might be more consistent across catchments and years, which suggests the
greatest driver of risk grades is associated with dilution. However, the standard deviation bars indicate
considerable variability in risk contribution, particularly for the primary contributors, suggesting further
analysis into the patterns contributing to the different risk grades is necessary at the catchment-scale (as
presented below).

Temporal trends in diuron and imidacloprid

Given the dominance of diuron and imidacloprid in driving pesticide risk, their individual contributions
were examined further at the catchment scale, revealing distinct patterns in their relative importance
that can help inform management priorities (Figure 41).

The Murray catchment shows a shift toward diuron dominance (reaching 12.5% species affected in
2022-23) while imidacloprid contributions have declined from their 2018-19 peak. The Mossman
catchment displays an opposite trend, transitioning from diuron to imidacloprid dominance over the
monitoring period.

The Mulgrave, Russell, North Johnstone, Herbert and Tully catchments all show notable and general
declines in imidacloprid since 2017-2018. Risk associated from diuron, on the other hand shows
increasing trends in more recent years for the majority of these catchments (with the exception of the
Mulgrave River catchment).

The contrasting pattern between these two dominating pesticides suggests that local factors - including
land use practices, application timing, and catchment characteristics - play crucial roles in determining
risk patterns beyond simple dilution effects. Understanding these local patterns is essential for
developing targeted management strategies that address the specific risk drivers in each catchment.

Overall assessment of risk contributors

Pesticide risk across the Wet Tropics is predominantly driven by two compounds: diuron (a PSlI
herbicide) and imidacloprid (an insecticide), which consistently rank as the top contributors to ecological
risk. A second tier of pesticides, including metolachlor, atrazine, MCPA, and imazapic, make notable but
generally lower contributions to overall risk. While the proportional contributions of these pesticides
were relatively stable across risk categories, their absolute contributions to % species affected varied
substantially between catchments and over time, with recent trends showing declining imidacloprid risk
in most catchments while diuron shows increasing trends in several systems.

These patterns, combined with the physico-chemical properties of the dominant pesticides - particularly
diuron's persistence and moderate water solubility, and imidacloprid's high mobility - suggest that
management strategies need to be locally tailored. The variation in pesticide dominance over time,
indicates that factors beyond dilution, application levels, timing of application, local soil characteristics,
and specific land management practices, are crucial drivers of risk. This understanding points to the need
for localised management approaches that consider both the properties of priority pesticides and local
environmental conditions.
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Table 24. Top 12 ranked pesticides based on their contributions to the Pesticide Risk Metric for catchments/years graded as Good — High in the Wet Tropics. The numbers in the table represent the

number of annual PRM values across all Wet Tropics catchments and years monitored (between 2016—-2023). Note: Does not include catchments/ years graded as Very Low risk.

Pesticide Rank 1 Rank 2 Rank 3 Rank 4 Rank 5 Rank 6 Rank 7 Rank 8 Rank 9 Rank 10 Rank 11 Rank 12

Diuron m 0 1 0 0 0
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Figure 40. Average (+ Std deviation) percentage of species affected (A) and average contributions (B) of each of the 22 pesticides included in the Pesticide Risk Metric to the total risk for catchments

and years monitored in the Wet Tropics Region. Averages were estimated from the annual pesticide risk metric of all catchments monitored between 2016 — 2023, grouped by the risk grading.
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Figure 41. Temporal trends in diuron (blue bars) and imidacloprid risk (orange bars) across Wet Tropics catchments. Risk of
individual pesticides is calculated as part of the Pesticide Risk Metric and presented as % species affected.
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6.3 Urban and Non-agricultural sources

6.3.1 Urban

The main urban centres in the Wet Tropics Region are Port Douglas in the Mossman basin, Cairns in the
Mulgrave-Russell, Mareeba and Atherton in the Barron, Innisfail and Malanda in the Johnstone, Tully and
Mission Beach in the Tully, Cardwell in the Murray and Ravenshoe and Ingham in the upper and lower
Herbert catchments respectively. Urban pollution sources can be categorised into point sources and
diffuse sources. Point sources primarily include wastewater or sewage treatment plants (STPs), while
diffuse sources encompass stormwater runoff from developed urban areas, construction sites, and road
networks. Urban and non-agricultural land uses, while covering a relatively small proportion of the Wet
Tropics Region (1.9% of the catchment area, based on QLUMP 2021 data), can contribute notable levels
of dissolved inorganic nitrogen (DIN) and fine sediment loads at a local scale (Prosser & Wilkinson,
2024a). Based on modelling data, Figure 42 shows that the Barron (59 t), Mulgrave-Russell (41 t) and
Johnstone (22 t) are the three catchments with the highest DIN loads originating from urban or non-
agricultural areas. The Barron has the highest DIN load from STPs (24 t), followed by the Mulgrave-
Russell (19 t). Similarly, the Johnstone, Mulgrave-Russell and Barron also contribute the highest fine
sediment loads from urban areas but contributions are low across all basins (<3 kt per basin) (Figure 43).
Although data are limited from the GBR region on the impact of roads on runoff into GBR catchments, it
is apparent from other locations that dirt and gravel roads can be a major source of sediment and
particulate nutrients, and sealed roads can be a major source of runoff (Bartley & Murray, 2024).
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Barron _
Mulgrave-Russell __

.
il ® Other

Murray
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Upper Herbert
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Figure 42. Modelled annual average DIN loads from urban land uses in the Wet Tropics (DETSI 2026).
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Figure 43.Modelled annual average fine sediment loads from urban land uses (DETSI 2026).

The Urban Water Stewardship Framework (UWSF) has been established to assess and benchmark the
effectiveness of urban water management activities, categorising performance against three
components: 1) developing urban, 2) established urban, and 3) point source management (Wet Tropics
Waterways, 2023). The 2022-23 USFW Report for the Wet Tropics assigned the Region an overall grade
of ‘B’, indicating that most urban management practices meet best practice standards and pose a low to
moderate risk to water quality. Within this framework, water management in developing urban areas
also received a ‘B’ rating, while established urban areas were rated at a ‘C’ posing a moderate risk to
water quality and highlighting the need for improved stormwater management measures to meet best
practice standards. Point source management, including wastewater treatment, was rated ‘B’, indicating
that most regional wastewater activities meet current best practice and pose a low to moderate risk for
water quality. Results for each Local Government Area (LGAs) are de-identified in the USWF Report but
clearly show regional patterns around areas for further improvement (e.g., established urban
component; Table 25).
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Table 25. Scores and grades for components and their management activity goals for each Local Government Area (LGA) and the Wet Tropics Region for 2022-23. Source: Wet Tropics Waterways
(2024a).

Component and management activity goals (MAGs) (Water quality risk: ®mHigh risk (<5.0) | =~ Moderate risk ~LGA LGA LGA LGA LGA LGA LGA LGA Region
(5to<12.5) | = Low-Moderate risk (12.5to <17.5) | ® Lowest risk (z17.5) | = No data available) 1 2 3 4 5 6 7 8
Developing Urban . ( 7.8 54 ' )
1. Stormwater infrastructure planning and design is continually improving for more effective total water cycle management.

2. The development assessment process promotes and supports improved water quality in terms of reducing sediment loads.
3. Site based stormwater management planning is capable of delivering water quality improvement.

4. Continuous improvement in stormwater management practices on development and construction sites, and reduced
sediment loads reaching receiving waters,

5. Increased capacity to apply best practice ESC principles to deliver effective ESC measures on site and as part of ESC
campliance auditing.

6. Risk of severe erosion impacts reduced through site inspections at appropriate times and the monitoring and reporting of
stormwater runoff treatment.

Established Urban

1. Continuous improvement in catchment management through integrated total water cycle planning and design.

2. Continuous improvement in stormwater system management through integrated total water cycle planning.

3. Reduction in nutrients and sediments leaving established urban areas.

4_Increased capacity to implement catchment based total water cycle management and landscape restoration through
collaboration with industry and the community.

L. Greater knowledge base to improve the way catchment and water management activities are implemented to achieve the
desired outcomes.

Point Source

1. Fewer license exceedances and reduced nutrient loads released to water as a result of WSP actively pursuing strategies for
reducing discharge, including: managing issues associated ageing STP infrastructure before they get critical, and maximising the
use of recycling and beneficial reuse options,

2. Potential for failure reduced through effective planning of sewerage network asset management and maintenance activities.
3. The capacity of wastewater treatment plant assets with respect to expected population increases is managed by collaboration
between the WSP with other parts of council and State Planning, and additional wet weather overflow nutrient loads linked to
Infiltration and Hlegal Connection (1&1) issues are well understood and mitigated.

4. Innovative approaches and whole of catchment total water cycle management solutions to reduce nutrient loads from
effective networks and collaborations. Reduced frequency of unplanned releases from effective staff capacity building and
training. Further nutrient emissien reductions are achieved through customer education and improved influent quality.

5. Environmental impacts of refeases reduced through effective monitoring, early detection and ongoing reporting, review and
improvement.
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6.3.2 Aquaculture

A review of current aquaculture operations in the Wet Tropics Region was undertaken to inform the
Strategy (Adhikari 2025). The information has been collated from multiple sources, including the DETSI)
Environmental Authority public register, company reports, environmental impact assessments, and the
Review of Nutrient Release from Aquaculture Activities (Tabrett et al. 2024). Together, these data
provide a baseline snapshot of industry activity to inform the Strategy and identify areas where
aquaculture interacts with other potential water quality management activities.

Aguaculture in the Wet Tropics occurs predominantly in low-lying coastal catchments such as the
Johnstone, Tully, and Mulgrave-Russell Rivers (Table 26). Production primarily involves prawns (Penaeus
monodon) and barramundi (Lates calcarifer) (QDAF,2024). Facilities are typically small to medium in scale
and regulated under the Environmental Protection Act 1994 (ERA-4 Aquaculture). The region’s high
rainfall provides dilution benefits but increases the risk of overflow during extreme weather events. As
such, zero-discharge systems and vegetated polishing ponds play a key role in nutrient retention (Tabrett

et al. 2024).

Table 26. Regional Summary of Aquaculture Operations, Licence Conditions and Discharge Management in the Wet

Tropics Region.

Beach (Douglas Shire)
— beside Daintree
River (see Figure 44)

Coast (Mary Creek &
Pig Creek) (see Figure
45)

Shire (see Figure 45)

Operation Daintree Saltwater Seafarm Queensland Seafarm Queensland Seafarm Queensland
Barramundi Fish Pty Ltd - Cardwell Pty Ltd — Farm 3 Pty Ltd — Flying Fish
Farms Farms 1 &2 (grow-out) Point Hatchery
(Hook-A-Barra) (grow-out) +
Processing
Location Lot 3 Vixies Rd, Wonga| Cardwell, Cassowary Ingham, Hinchinbrook | 112 Ella Bay Rd, Flying

Fish Point (Cassowary
Coast) (see Figure 45)

Period of Operation

Started 2002; ongoing

Ongoing operation >
35 years

Operating since late
1980s; retained by
Seafarms following
Cardwell sale-
leaseback (2018).

Operating since early
1990s as core larval
supply for Cardwell and
Ingham farms.

Area/size

49 ha

property with 14
earthen

ponds occupying ~3
.3 hain total

Up to 124 ponds; <140
ha plus processing
plant on- site

Part of seafarm'’s
~132.5 ha of pond
area shared between
the Cardwell and
Ingham farms.

<10 ha (hatchery & small
grow-out)

Species Farmed

Barramundi (Lates
calcarifer)

Black tiger prawn
(Penaeus monodon);
Banana prawn

(P. merguiensis)

Black tiger prawn;
Banana prawn

Prawn hatchery (black
tiger; banana prawns)

Production System

Earthen pond
grow-out, also
operates as a tourism
and educational
fishery operations
(catch and release)

Earthen pond
grow-out; mechanical
aeration; on-site
processing plant

Earthen pond
grow-out

Hatchery (tanks/larval
rearing); ancillary
grow-out ponds

Treatment Systems

Settlement ponds;
local council/EA
conditions

Multi-stage settlement
and treatment ponds
prior to licensed
discharge to Mary / Pig
Creeks; routine
harvest

event monitoring

Sediment settling
ponds and on-site
treatment channels;
monitored discharges
under EA.

Licensed monitored
discharge; daily volume
capacity 6,200 m3;
quality limits incl. SS,
DO, TN, TP, Chl-a

License
requirements

Environmental
Authority (EA) issued
by DETSI — listed under
Douglas Shire

EA P-EA-100726296
(DETSI), ERA 1and 27

EA (holder: Seafarm
Queensland Pty Ltd)
DETSI

EA EPPR00215213 (ERA
1(1)(a)
aquaculture <10 ha)
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Operation

Daintree Saltwater
Barramundi Fish
Farms
(Hook-A-Barra)

Seafarm Queensland
Pty Ltd —Cardwell
Farms 1 &2
(grow-out) +
Processing

Seafarm Queensland
Pty Ltd — Farm 3
(grow-out)

Seafarm Queensland
Pty Ltd — Flying Fish
Point Hatchery

approvals under
Environmental

Protection
Act 1994

License conditions Not publicly stated Not specified as Not publicly stated incident reporting &
exemptions; stormwater controls
stormwater & apply

emergency incident
conditions apply per
EA

Discharge Location

Earthen ponds near
Daintree River

Licensed release points
to Mary Creek/Pig
Creek

Licensed release
points to adjacent
coastal drainage
system (tributary of
Herbert River
catchment).

Licensed discharge to
constructed treatment
wetlands as per EA

Compliance

Routine monitoring
per EA and local
council requirements;
tourism and
educational activities
maintain
environmental
accreditations.

Annual reporting to
DETSI; compliant with
EA water- quality
conditions; routine
harvest event
monitoring program.

Operates under
annual reporting to
DES; adheres to
environmental
monitoring and
nutrient reduction
targets.

Monitoring & reporting
to DETSI per EA; annual
returns
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Figure 44. Location of Daintree Saltwater Barramundi Fish Farms, Wonga Beach.
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SEAFARM QUEENSLAND PTY LTD

Cardwell, Cassowary Coast (Mary Creek & Pig Creek)

Figure 45. Location of Seafarm Queensland Pty Ltd, Cardwell.
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6.4 Other pollutants

In addition to the primary pollutants covered in the synthesis (i.e. sediment, nutrients and pesticides),
there are a variety of other pollutant types that can impact waterway health and aquatic life. These
substances typically fall outside standard water quality monitoring programs but may pose ecological or
human health risks (Chariton & Hejl 2024; Ramsay et al. 2024). The category encompasses a broad range
of compounds including pharmaceuticals, personal hygiene products, household chemicals, industrial
additives, microplastics, and synthetic compounds such as PFAS (per- and polyfluoroalkyl substances).
These pollutants can come from many different sources including:

e Intensive animal industries

e Manufacturing and industry

e Mining

e Rural and urban residential

e Transport and communication

e Waste water treatment and disposal
e Ports and shipping

Question 6.1 of the 2022 Scientific Consensus Statement (SCS) synthesised evidence about a suite of
other pollutant types to understand the potential locations, sources and impacts that these other
pollutant types may have on the GBR and the material below is taken primarily from sources found in
Chariton & Hejl (2024).

e Miller et al. (1999) sampled sediments from five sites from Mackay to Far North Queensland
(Newry Bay, Upstart Bay, Pallarenda (Townsville), Cardwell and Flinders Island) for dioxins, i.e.
highly chlorinated PCDDs (polychlorinated dibenzodioxins), PCDFs (dibenzofurans), selected
polychlorinated biphenyl (PCBs) and hexachlorobenzene (HCBs). A range of PCDD’s and PCDF’s
were detected in all sites. Octochlorobdibenzo-p-dioxin was the dominant PCDD/PCDF in all
cases. The concentrations varied greatly among the GBR sites, as indicated by the S PCDDs/PCDFs
ranging from Upstart Bay (18,000) to the highest at Newry Bay (210,000). PCBs and HCBs were
below detection in all samples.

e As a means of examining the potential of PCDDs in the diets of dugongs, McLachlan et al. (2001)
sampled seagrass and sediments as well as the blubber from three stranded dugongs. Sediment
and seagrass samples were taken from five sites from Mackay (Newry Island) to Far North
Queensland (Flinders Island). Dugongs were only obtained between Mackay and Townsville, and
it is emphasised that only one individual was sampled at each location. In sediments and
seagrass, concentrations of PCDD/F were predominantly associated with CIgDD, approximately
90 % of the 3,7,8-substituted congeners in all samples, with PCDFs and 2,3,7,8-Cl4DD being
below detection. Sediment concentrations of CIgDD varied greatly across the sites, for example,

Cardwell had a mean concentration of 1,200 pg g, compared to Upstart Bay (14 pg g2).
Concentrations in Newry Bay were approximately half of those from Cardwell but were still
almost an order magnitude higher than Pallarenda and Flinders Island. Concentrations of CIgDD

in the seagrass were strongly correlated with the sediment.

6.5 Reef 2050 WQIP water quality targets

Since the release of the Reef 2050 WQIP in 2018, actions and progress towards targets have been
assessed annually. The 2025 targets defined in the Reef 2050 WQIP?® require a 25% reduction in the
2017 anthropogenic end-of-catchment fine sediment loads, 20% reduction of particulate nutrients, and a
60% reduction of dissolved inorganic nitrogen (DIN) loads. The target for pesticides is to protect at least
99% of aquatic species at end-of-catchments by 2025 (Australian & Queensland Government, 2018).

28 The water quality targets for nutrients and sediments have been updated in the Reef 2050 CWQS. At the time of publication,
the Reef 2050 WQIP targets were still being reported against through the Reef Water Quality report cards in terms of
achievement to date and are therefore discussed here.
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Across the GBR, the progress towards the DIN target in the Reef Water Quality Report Card 2021-22 was
very poor (0.7%) and poor progress was made towards the sediment target (0.8%) (Australian &
Queensland Government, 2024).

In the Wet Tropics Region, the end-of-catchment DIN load showed a cumulative reduction of 29.2 % to
June 2022 (from the 2009 baseline) and a modelled reduction of 0.7% (approximately 13 t) from July
2020 to June 2022, which is considered ‘Very Poor’ progress (Table 27). The greatest modelled reduction
for the Wet Tropics Region was 3.1% (approximately 3 t) in the Barron catchment. The reductions in DIN
were achieved through improved soil and nitrogen management practices in sugarcane and banana
areas (Australian & Queensland Government, 2024).

The end-of-catchment fine sediment load within the Wet Tropics Region showed a cumulative reduction
of 15.1% to June 2022, and a modelled reduction of 0.9% (approximately 5 kt) from July 2020 to June
2022, which is considered ‘Poor’ progress (Table 27). However, there has been positive progress for
some basins. The reduction in fine sediments in the Wet Tropics Region was attributed to improved
streambank and gully remediation projects, primarily in the Herbert catchment with a 1.1% reduction
(approximately 3 kt) in the recent reporting period. Streambank remediation projects also resulted in an
estimated 1 kt reduction of fine sediment in the Murray catchment which produced a 5.3% reduction
from July 2020 to June 2022, resulting in its target being met for the first time. The 2025 water quality
target was met previously in the Mulgrave-Russell catchment (Australian & Queensland Government,
2024).

The end-of-catchment PN load for the Wet Tropics catchments showed a cumulative reduction of 13.9%
to June 2022 and a modelled reduction of 0.6% (approximately 13 t) from July 2020 to June 2022, which
is considered ‘Very Poor’ progress (Table 27). The reduction in PN in the Wet Tropics Region was
attributed to streambank and gully remediation projects, primarily in the Herbert basin with a 1.0%
(approximately 6.8 t) reduction from July 2020 to June 2022. The 2025 water quality target to Maintain
Current Loads has been maintained in the Mulgrave-Russell and Murray basins (Australian & Queensland
Government, 2024).

The end-of-catchment PP loads from the Wet Tropics catchments showed a cumulative reduction of
22.9% to June 2022 and a modelled reduction of 1.1% (approximately 9 t) from July 2020 to June 2022,
which is considered ‘Moderate’ progress (Table 27). The reduction in PP in the Wet Tropics Region was
attributed to streambank and gully remediation projects, primarily in the Herbert basin, although
progress in the Herbert is considered ‘Poor’ with a cumulative reduction of 10.5% to June 2022
(Australian & Queensland Government, 2024). The Mulgrave-Russell, Tully and Murray have continued
to meet their PP target. While the Johnstone did not meet the target for PP, it is continuing to show
gradual annual loads reductions.

The pesticide risk in the Wet Tropics Region in 2021 and 2022 indicated that 95.2% and 96% of aquatic
species, respectively, were unlikely to experience harmful effects from pesticides (Table 27) (Australian &
Queensland Government, 2024).

Table 27. Anthropogenic end-of-catchment load reduction water quality targets defined in the Reef 2050 Water Quality
Improvement Plan for achievement by 2025 (Australian & Queensland Government, 2018) and % reduction achieved to date for
each pollutant at the NRM and basin scale according to the Reef Water Quality Report Card 2021-2022 (Australian & Queensland
Government, 2024). Note: 2020 to 2022 reduction in parenthesis, with grades classified as ‘Very good/Target met’ (A), ‘Good’
(B), ‘Moderate’ (C), ‘Poor’ (D), ‘Very Poor’ (E), ‘No data/NA’ (N/A), ‘Maintain Current Load’ (MCL).

Basin % reduction | % reduction | % reduction | % reduction | Pesticides %
in fine in DIN in PN in PP aquatic species
sediment protection

Wet Tropics | 25% | 15.1% | 60% | 29.2% | 25% | 13.9% | 30% | 22.9% | 99% | 96.0%

Region (+0.9%, D) (+0.7%, E) (+0.6%, E) (+1.1%, C) (+0.8%, B)

Daintree MCL|MCL | MCL|MCL |[MCL|MCL |MCL|MCL |99% | Maintain

Mossman MCL | MCL | 50% ] 20.9% | MCL|MCL | MCL|MCL | 99% | 89.9%
(+2.3%, D) (D)
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Basin % reduction | % reduction | % reduction | % reduction | Pesticides %
in fine in DIN in PN in PP aquatic species
sediment protection

Barron MCL | MCL 60% | 29.1% | MCL | MCL MCL | MCL 99% | Maintain

(+3.1%, D)

Mulgrave- 10% | 19.2% | 70% | 26.8% | 10% | 15.6% | 10% | 23.0% | 99% | 92.8%

Russell (0%, A) (+0.7%, E) (+0.1%, A) (+0.1%, A) (-0.3%, C)

Johnstone 40% | 20.3% | 70% | 27.7% | 40% | 20.8% | 40% | 35.2% | 99% | 92.5%
(+0.7%, E) (+0.5%, E) (+0.7%, E) (+1.0%, D) (-1.1%, C)

Tully 20% | 10.5% | 50% | 19.7% | 20% | 12.5% | 20% | 20.9% | 99% | 94.6%
(+0.1%, E) (+0.4%, E) (+0.1%, E) (+0.1%, A) (+0.2%, C)

Murray 20% | 20.4% | 50% | 29.8% | 20% | 20.4% | 20% | 30.9% | 99% | 100%
(+5.3%, A) (+0.5%, E) (+1.3%, A) (+1.9%, A) (+6%, A)

Herbert 30% | 10.1% | 70% | 55.3% | 30% | 8.9% 30% | 10.5% | 99% | 94.5%
(+1.1%, E) (+0.7%, E) (+1.0%, E) (+1.4%, D) (+1.4%, C)

7 Assessment of pollutant exposure from land-based runoff

An updated assessment of the exposure of freshwater floodplain wetlands, coral reefs and seagrass beds
to fine sediment, DIN and pesticides was conducted as part of the GBR water quality spatial management
prioritisation (Waterhouse et al. 2025). The results for the Wet Tropics Region are summarised below.

7.1  Potential impacts of land-based runoff on GBR ecosystems

7.1.1 Nutrients

Excessive amounts of dissolved inorganic nutrients can have detrimental effects on GBR ecosystems. In
coral reefs, the most severe impacts may be indirect, for instance, excess nutrient availability on inshore
reefs is generally (but not always) positively correlated with increased fleshy macroalgal abundance
which can reduce coral settlement and recruitment, outcompete corals, reduce coral cover and
negatively affect coral calcification. Excess nutrients might also contribute to coral-eating crown-of-
thorns starfish outbreaks. Direct effects of elevated nutrients include reduced coral calcification,
negative impacts on coral reproduction, and potentially reducing thermal tolerance to bleaching (Diaz-
Pulido et al. 2024).

Nutrient concentrations originating from land-based activities follow a cross-shelf gradient with the
highest concentrations found in estuaries and inshore waters, and lower values in midshelf and offshore
waters. Peak concentrations are usually found during the wet season (December to May), between
Cooktown and Gladstone, adjacent to areas of more intensive catchment development and in waters
influenced by river discharge. Weather patterns, river discharge and associated land-based inputs, as
well as marine processes such as upwelling and nitrogen fixation, are among the key drivers of nutrient
variability, with oscillations over time (Robson et al. 2024).

The focus of nutrient export research and management has been on DIN and is linked to knowledge in
the marine systems where there is greater clarity of the impacts of dissolved inorganic nutrient forms
(Burford et al. 2024). However other nutrients may be important for GBR ecosystems. For example,
dissolved organic and particulate nitrogen may also be adding to increased nutrient concentrations in the
GBR (Burford et al. 2024). There is also evidence for substantially increased phosphorus exports from the
GBR catchment area overall, and while most phosphorus is in the particulate form, it can become
bioavailable in freshwater and marine environments (Prosser & Wilkinson, 2024b).

The 2022 SCS noted limited evidence of DIN impacts on GBR wetlands (Diaz-Pulido et al. 2024). However,
nutrient impacts were assessed during the design of the Wetland Condition Monitoring Program. Key
ecological responses include increased plant growth, weed invasion, hypoxia, and plankton blooms
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(Pearson et al. 2013; Davis et al. 2017). Weed infestations, despite high biomass, contribute little to food
webs and reduce light and oxygen availability (Verhoeven et al. 2006), leading to declines in
macroinvertebrate and fish diversity (Arthington et al. 2015; Adame et al. 2019). Persistent nutrient
loads can shift wetlands from clear, macrophyte-dominated states to turbid, eutrophic conditions. Yet,
case studies highlight the complexity of predicting impacts, as sediment-driven turbidity can sometimes
limit phytoplankton growth and prevent hypoxia (Pearson et al. 2010).

7.1.2 Sediments

Increases in the loads of fine sediments and particulate nutrients affect the quantity and quality of light
(i.e. modified light spectrum towards ‘less usable’ light) reaching coral reefs, seagrass and other benthic
organisms and can influence the behaviour and condition of animals including fish, particularly in inshore
areas. This has resulted in persistent impacts on reef composition (including changes in the abundance
and diversity of species at different depths, and increases in macroalgal growth), and variability in the
distribution, abundance and composition of seagrass meadows. These direct effects can result in indirect
effects on other taxa, including seagrass-dependent dugong, which can extend across the whole GBR.
Sedimentation, the settling of sediments and particulate nutrients onto surfaces, can also have negative
direct effects on a variety of taxa, including corals, causing tissue damage, reducing growth rates and
altering microbial communities. Importantly, settled and suspended particulate matter can suppress
recovery from other disturbance events (e.g. heatwaves, cyclones) and affect recruitment and early life
stages of corals and fishes (Collier et al. 2024).

Most river-exported terrigenous sediment is deposited and retained within river floodplains, river
estuaries, close to river mouths and within the eastern sections of north-facing embayments. Nearshore
and inshore fringing coral reefs also host considerable proportions of terrigenous sediments within their
internal structures. Sediment modelling exercises indicate that most of the terrigenous sediment
(including both coarse and fine particles) is deposited and retained in close vicinity to river mouths.
However, a proportion of the fine terrigenous sediment (<20 um) load can be carried within flood
plumes to the inner and middle shelfs. In situ monitoring and remote sensing data show a clear spatial
gradient of decreasing turbidity levels with increasing distance from river mouths, likely related to the
depth of the water column (i.e. degree of wave resuspension) and the availability of sediment on the
seafloor to be readily resuspended (Lewis et al. 2024b).

The greatest impacts of fine sediments and particulate nutrients occur in the inshore central and
southern GBR (Wet Tropics to Burnett Mary NRM regions) (Collier et al. 2024).

For wetlands, increased sediment loads can have several impacts including a reduction of available light,
increased nutrient and contaminant loads and alterations to the soil substrate. Sediments that flow into
wetlands can transform the structure of sites from being topographically heterogeneous into flatter
plains that support reduced biodiversity and encourage weeds (Zedler & Kercher 2004). Sediment loads
entering wetlands can have substantial impacts on the growth and abundance of vegetation within
wetlands. For example, Reid et al. (2007) note that an increase in nutrient levels and change in
transparency and substrate would likely have resulted in aquatic plant loss on a large scale in billabongs
of the Murray-Darling River system.

7.1.3 Pesticides

Pesticides are designed to control agricultural pests but when these chemicals reach aquatic ecosystems,
they can cause direct and indirect harmful effects to freshwater, estuarine and marine species of the
GBR region (Hook et al. 2024). For example, photosystem Il (PSIl) herbicides have been found to
consistently exert toxic effects on all photosynthetic marine species of the GBR that have been tested,
including corals and seagrasses (Negri et al. 2024).

A wide range of pesticides (herbicides, insecticides and fungicides) detected in the GBR's aquatic
ecosystems pose significant threats to marine and freshwater organisms through their cumulative
impacts. These chemicals have different modes of action and toxicity levels, but their combined presence
creates mixture effects that may exceed the risk posed by individual pesticides alone. Direct impacts are
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most severe for phototropic species (macrophytes, phytoplankton, seagrass and coral symbionts) and
aquatic arthropods, including macroinvertebrates and crustacea (Negri et al. 2024), while indirect and
sublethal effects impact other species, including fish (Hook et al. 2024). Environmental stressors such as
marine heatwave conditions and variation in light can further increase the sensitivity of GBR species to
pesticides, suggesting that current guideline values may underestimate the risk to aquatic ecosystems
under certain field conditions (King et al. 2022; Negri et al. 2024).

Concentrations of pesticides are greatest in the receiving waterways such as creeks, rivers and wetlands,
followed by end-of-catchment, then marine locations, with concentrations decreasing with greater
distance from the site of application. Exposure of marine ecosystems to pesticides is closely linked to
flood plume dispersal. Sites that feature intense cropping and lower discharge (related to rainfall),
consistently record higher concentrations of pesticides and higher risk than other locations (Negri et al.
2024).

7.2  Freshwater floodplain wetland exposure

7.2.1 Method?

Floodplains and their wetlands have strong hydrological and ecological connections with GBR coastal
waters and ecosystems and are a highly valued ecosystem in the landscape. Although wetlands have the
potential to act as natural filters, they can also be harmed by pollutants.

There is limited information about direct exposure of wetlands to pollutants in the GBR catchment area.
The GBR Spatial Management Prioritisation project assessed the potential of different land uses to
influence the amount of nutrients, sediment, and pesticides reaching freshwater floodplain wetlands,
using a systematic hazard mapping approach. Freshwater floodplain wetland exposure to pollutant
hazards was categorised and weighted using land use mapping to identify areas of High or Very High
hazard from nutrients and sediments, and also Moderate hazard for pesticides. Exposure was calculated
as the percentage of the freshwater floodplain wetland area within these hazard zones relative to total
wetland area within a basin or Management Unit.

The hazard assessment divided the landscape into smaller scale mapping units (usually sub-catchments,
as part of Aquatic Conservation Assessments, or ACAs) and examined the land uses in each unit.
Different land uses pose different levels of hazard to wetlands within and downstream of the land use.
For instance, low hazard land uses like native forest and conservation areas contribute very few
pollutants, whereas intensive agriculture, urban areas, or poorly managed land can contribute significant
amounts of pollutants. Each land use received a hazard weighting based on its potential to generate
pollution if it is not sustainably managed.

The hazard maps were then overlaid with detailed wetland mapping to identify which wetlands are
located within or downstream of high-hazard areas. This recognises that pollutants can be carried
downstream, so wetlands can be affected by land uses some distance away. For each basin or
catchment, the area of freshwater floodplain wetlands in the highest pollutant hazard categories was
calculated, relative to the total area of freshwater floodplain wetlands in the basin or catchment. These
percentages were then categorised to define an overall exposure rating from ‘Very Minor’ to ‘Very High’
for each pollutant.

7.2.2 Results

The results of the freshwater floodplain wetland exposure assessments for the Wet Tropics Region are
shown in Figure 46 and Table 28.

29 Extracted from the summary product for Waterhouse et al. (2025).
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Regional summary

The data shows that the natural and slightly modified freshwater floodplain wetlands in the Wet Tropics
Region predominantly have High exposure to nutrient, sediment and pesticide hazard with a few
exceptions described below.

It is important to note the variability of the area of wetlands included in the assessment for each basin,
noting that several basins have much larger areas of natural and slightly modified freshwater floodplain
wetlands remaining, Mulgrave-Russell (7,470 ha), Lower Herbert (5,305 ha), Tully (3,729 ha) and Murray
(3,326 ha), than the Daintree (1,351 ha), Mossman (4 ha), Barron (150 ha), Johnstone (1,510 ha) and
Upper Herbert (1,954 ha); while the actual areas exposed to pollutant hazard in these smaller
catchments are relatively small, the relative proportions are high, resulting in High exposure scores.
However, smaller wetland areas can also be significant where they have higher exposure to hazard as
they are likely to be highly vulnerable.

Exposure of freshwater floodplain wetlands to nutrient hazard is High in the Barron, Johnstone, Tully,
Murray, and Herbert (Lower and Upper catchments) basins, Low in the Mulgrave-Russell and Minimal in
the Daintree and Mossman basins. Importantly, the nutrient hazard in the Daintree and Mulgrave-Russell
is likely to be underestimated due to smaller areas of high hazard being offset by larger areas of low
hazard within the ACA mapping units. In the Mulgrave-Russell, many of these areas are downstream of
agricultural areas. In addition, the exposure assessment does not differentiate particulate and dissolved
nutrients, so grazing lands (e.g. in the Upper Herbert) have a high weighting for nutrient exposure.
Further investigation is recommended to validate the results for the Daintree, Mulgrave-Russell and
Upper Herbert. The most extensive areas of exposure to nutrient hazard is in the Lower Herbert with
4,848 ha affected, and it also has the greatest proportion of exposure at 91%. Other basins with
relatively high areas of exposure are the Murray (1,999 ha; 60%) and Tully (1,901 ha; 51%).

Exposure of freshwater floodplain wetlands to sediment hazard follows the same pattern as DIN, and is
High in the Barron, Johnstone, Tully, Murray, and Herbert (Lower and Upper catchments) basins, Low in
the Mulgrave-Russell and Minimal in the Daintree and Mossman basins. As for DIN, the fine sediment
hazard in the Daintree and Mulgrave-Russell is likely to be underestimated due to smaller areas of high
hazard being offset by larger areas of low hazard within the ACA mapping units. In the Mulgrave-Russell,
many of these areas are downstream of agricultural areas. The most extensive areas of exposure to
sediment hazard is in the Lower Herbert with 5,106 ha affected, and it also has the greatest proportion
of exposure at 96%, the area and proportion of exposure in the Upper Herbert is also high (1,856 ha and
95%, respectively). Other basins with relatively high areas of exposure are the Murray (2,098 ha; 63%)
and Tully (1,953 ha; 52%).

Exposure of freshwater floodplain wetlands to pesticide hazard is High in the Mossman, Barron,
Mulgrave-Russell, Johnstone, Tully, Murray and Lower Herbert, Moderate in the Upper Herbert and
Minimal in the Daintree. The same caveats apply for the Daintree and Mulgrave-Russell as noted above.
The most extensive areas of exposure to pesticide hazard is in the Lower Herbert with 4,517 ha affected
(85%). Other basins with relatively high areas of exposure are the Tully (3,290 ha) with the highest
proportion of 79% affected, and the Murray (2,618 ha, 79%).

Overall, freshwater floodplain wetlands in the Lower Herbert, Tully and Murray consistently have the
highest areas and proportions of exposure to hazard for all pollutants. The results for the Daintree and
Mulgrave-Russell are likely to be underestimated and require further validation.
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Figure 46. Results of the freshwater floodplain wetland sediment (left), nutrient (middle) and pesticide hazard assessments in the Wet Tropics Region. Source: Waterhouse et al. (2025).
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Table 28. Area (ha) of freshwater floodplain wetlands in and immediately downstream of pollutant hazard areas, by management unit (MU) (basin), and the exposure to
pollutant hazard relative to the area of wetlands in the management unit (Exposure-MU) and to the total area of freshwater floodplain wetlands in the GBR catchment exposed
to pollutant hazard (Exposure-GBRCA). See Section 4.1 of Waterhouse et al. (2025) for methods. Percentages for Exposure-MU were converted to exposure categories of minimal

(white), low (blue), moderate (yellow) and high (red) as follows: < 0.5% exposure = minimal; 0.5-5% exposure = low; > 5-25% exposure = moderate; > 25% exposure = high.
Percentages for Exposure-GBRCA were converted to categories of minimal (white), low (blue), moderate (yellow) and high (red) as follows: < 0.5 % exposure = minimal; > 0.5-

4.5% exposure = low; > 4.5-9.5 % exposure = moderate; > 9.5% exposure = high. For pesticide hazard Very High, High and Moderate hazard categories were used in the

assessment. Very High and High categories were used in the nutrient and sediment hazard assessment. * MUs with spatial under-representation of nutrient hazard due to

smaller areas of high hazard being offset by larger areas of low hazard within ACA mapping units.

Management Wetland Nutrients Sediments Pesticides

Unit areain MU [ Area(Ha) | Exposure- | Exposure- | Area(Ha) | Exposure-MU Exposure- Area (Ha) | Exposure- Exposure-
(ha) MU (%) | GBRCA (%) (%) GBRCA (%) MU (%) GBRCA (%)

Daintree* 1351 0.0 0.0 0.0 0.0 0 0.0 0.0

Mossman 4 0.0 0.0 0.0 0.0

Mulgrave- 0.5 0.1 39 0.5 0.0 1,900

Russell* 7,470 39

Johnstone 1,510 525 0.9 566 0.7 811

Tully 3,729 1,901 3.3 1,953 2.3 3,290

Murray 3,326 1,999 3.5 2,098 2.5 2,618

Upper 18 1,856 22 343

Herbert 1,954 1,066

Lower Herbert 5,305 4,848 8.4 5,109 6.1 4,517
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7.3 Marine exposure

7.3.1 Method?3°

The marine pollutant exposure assessment for DIN and fine sediments (2011-2022) combined four key
components to calculate the exposure of coral reefs and seagrass meadows to land-based DIN and fine
sediment:

1. Pollutant exposure: Exposure maps were created for DIN and fine sediment using the eReefs
computer model and the pollutant dispersal maps from the MMP. The approach accounts for
wet season and annual influences and represents ‘anthropogenic’ conditions using modelling
scenarios that estimate the difference between pre-development and current conditions.

2. River footprints: The ‘footprint’ of each basin was mapped to represent the marine areas
influenced by its river discharge over a 12-year period (2011 to 2022) using outputs from the
eReefs model. A range of percentiles were applied to indicate the relative degree of influence
within each footprint. Higher percentiles reflect areas that are more frequently or intensely
affected by river discharge, providing a spatial gradient of influence.

3. Exposure assessment: The pollutant exposure maps were overlaid with the river footprints and
weighted using:

e Frequency of river influence: Areas receiving river water more often get higher weightings.
e Pollutant exposure: Areas with higher pollutant exposure get higher weightings.

This information can support management prioritisation by identifying marine areas with
persistent exposure to land-based pollutants.

4. Ecosystem distribution: Using up-to-date spatial data, detailed maps were produced to define
the location of coral reefs and seagrass meadows. The final exposure index combined the
exposure assessment with ecosystem distribution to show the relative exposure of ecosystems
to DIN and fine sediment in each river footprint.

The pesticide exposure assessment drew on multiple lines of evidence to determine pesticide risk to
inshore marine ecosystems. Combining monitoring data, risk assessments, and marine modelling
provides the most comprehensive understanding of pesticide exposure to marine ecosystems to date.

1. End-of-catchment monitoring: The most reliable data comes from water samples collected at
end-of-catchment sites, detecting concentrations of herbicides and insecticides and estimating
the combined ecological risk of 22 different pesticides using the ‘Pesticide Risk Metric’. This
shows what is leaving catchments over time and entering marine waters (see Section 6.2).

2. Basin-level risk assessment: For areas not monitored, pesticide risk is estimated based on land-
use proportions in the basin. There are strong relationships between the proportion of the basin
where pesticides are applied and pesticide risk detected at the end-of-catchments. This helps fill
gaps where monitoring data isn’t currently available (see Section 6.2).

3. Marine modelling diuron case study: In 2023, Skerratt et al. published the first results of the
eReefs 1 km resolution hydrodynamic modelling3! of diuron exposure in the GBR’s inshore
marine zone, providing the most spatially comprehensive assessment of pesticide exposure
beyond river mouths (Skerratt et al. 2023). Prior to this, understanding of pesticide exposure in
the inshore marine zone has been informed by marine monitoring results from a limited number
of inshore locations, presenting spatial and temporal snapshots of exposure and risk. While more

30 Extracted from the summary product for Waterhouse et al. (2025).

31 The Paddock to Reef’s marine modelling program used the eReefs GBR1 hydrodynamic model coupled with the
GBR Dynamic SedNet model (GBR-SedNet) to simulate dispersal of diuron loads (i.e. modelled load estimates from
GBR-SedNet). The GBR SedNet loads entered the GBR at 21 river locations, with dispersal modelled using
freshwater inputs for 16 of these rivers and as a surface flux for the other minor rivers. Transformation processes of
diuron are incorporated into the model: a simple exponential decay function simulating the diuron half-life (and
other non-transport processes) in marine conditions was used and a half-life set at 40 days based on the results of a
calibration simulation. Validation of the eReefs diuron modelling with the results from the MMP is covered in
Skerratt et al. (2023) and further reviewed in Negri et al. (2024).
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spatially explicit, the modelling data is still limited: it only models diuron (one of 23 pesticides
detected from monitoring of the inshore marine area; Negri et al. 2024) and covers just two wet
seasons (2016—-2017 and 2017-2018). Despite these constraints, the modelled assessment
delivers a significantly improved visual and quantitative understanding of the spatial extent of
pesticide exposure in the inshore marine zone. By examining additional lines of evidence (marine
and catchment monitoring data) the model’s limitations can be better understood and gaps
infilled to generate a more complete picture of pesticide risk to the inshore marine ecosystems.

7.3.2 Results

DIN and fine sediment

The results for the DIN and fine sediment marine exposure assessments in the Wet Tropics Region are
shown in Table 29 and Table 30, and mapped in Figure 47.

The method incorporates an additional criterion for basins with a modelled annual average
anthropogenic fine sediment load of less than 50 kilotonnes per year and less than 50 tonnes per year
for DIN, as these lower anthropogenic loads are likely to result in limited exposure and the modelled
anthropogenic load estimates can be more uncertain. Using this criterion, the Daintree, Mossman and
Murray basins were assigned as Minimal anthropogenic exposure for fine sediments. Note that the loads
presented are from the Source Catchments model run produced for Waterhouse et al. (2025) and vary
slightly from those in Section 6 and Appendix C, but these differences do not change the result of the
assessment as the loads remain below, or sufficiently similar to, the criterion.

Marine DIN exposure is High in Tully and Herbert basins, and these are ranked 2" and 3™ across all GBR
basins (after the Burdekin Basin). The exposure is Moderate for the Daintree Basin (exposure score
0.138), Mossman (0.191), Barron (0.023), Mulgrave-Russell (0.041), Johnstone (0.195) and Murray
(0.107), with the Johnstone, Mossman, Daintree and Murray ranking 5, 6™ and 7" respectively across all
GBR basins.

Table 29. Anthropogenic DIN Exposure Index is for all basins in the Wet Tropics NRM Region. The Index is calculated for each
River Footprint by summing the area of coral reefs in the weighted categories and normalising the value to the maximum result
to provide a relative index between the River Footprints, that is, the River Footprint with the highest area is assigned a value of
1.0, and all other areas are expressed as a value between 0.0 and 1.0, relative to the maximum. The scores are ranked among
the River Footprints, from the highest (1) to lowest score. The final DIN Exposure Index is categorised based on percentile
categories of the normalised score as Minimal (<0.01), Low (0.01 to 0.04), Moderate (>0.04 to 0.2), or High (>0.2 to 1.0).

Basin Anthropogenic DIN Assessment of ecosystems within the GBRWHA
load (t yr?)* Normalised result Rank across Anthropogenic DIN
excluding basins the GBR Exposure Index

with <50 t yr?!
anthropogenicload

Daintree 51 0.138 7 Moderate
Mossman 88 0.191 6 Moderate

Barron 82 0.023 14 Moderate
Mulgrave- Russell 525 0.041 13 Moderate
Johnstone 906 0.195 5 Moderate

Tully 600 0.412 2 High

Murray 347 0.107 8
Herbert 1436 0.283 3 High

*Note that the loads presented are from the Source Catchments model run produced for Waterhouse et al. (2025) and vary
slightly from those in Section 6 and Appendix C; these differences do not change the results.

Marine fine sediment exposure is variable across the Region, with the Herbert Basin dominating with the
highest exposure in the Region, ranking 4™" across all GBR basins. The exposure is Moderate for the
Barron (exposure score 0.029), Johnstone (0.027) and Tully (0.165) basins. In terms of ranking across the
GBR, the Tully Basin ranks 5™ and is significantly lower than the Burdekin, Fitzroy and Normanby basins.
The exposure is Low for the Mulgrave-Russell basin (exposure score 0.006) and Minimal for the Daintree,
Mossman and Murray basins.
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The habitats and Species Habitat Protection Areas in the DIN and fine sediment exposure areas are
summarised in Table 31. The higher exposure areas in the Region influence several Fish Habitat Areas
and for the southern basins, the Hinchinbrook Island area Dugong Protection Area, and many high value
recreational and commercial areas including coastal areas from Cape Tribulation to Forrest Beach (just
south of Ingham).

Table 30. Anthropogenic TSS Exposure Index for all basins in the Wet Tropics NRM Region. The TSS Exposure Index is calculated
for each River Footprint by summing the area of coral reefs and seagrass in the weighted categories and normalising the value to
the maximum result to provide a relative index between the River Footprints. The scores are ranked among the River Footprints,
from the highest (1) to lowest score. The final TSS exposure categories are ranked to align with TSS as Minimal (<0.01), Low (0.01
to 0.04), Moderate (>0.04 to 0.2), or High (>0.2 to 1.0).

Basin Anthropogenic Assessment of ecosystems within the GBRWHA

TSS load Normalised result Rank across Anthropogenic TSS

(kt yr1)* excluding basins with the GBR Exposure Index

<50 kt yr?
anthropogenicload

Daintree 21 0.000 17 Minimal
Mossman 5.6 0.000 17 Minimal
Barron 91 0.029 8 Moderate
Mulgrave Russell 50 0.006 16 Low
Johnstone 220 0.027 9 Moderate
Tully 60 0.165 5 Moderate
Murray 22 0.000 17 Minimal
Herbert 207 0.230 4 High

*Note that the loads presented are from the Source Catchments model run produced for Waterhouse et al. (2025) and vary
slightly from those in Section 6 and Appendix C; these differences do not change the results.
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Figure 47. Results of the marine exposure assessment for sediment (left), DIN (middle) and pesticides in the Wet Tropics NRM Region. Source: Waterhouse et al. (2025).
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Table 31. DIN and fine sediment exposure of habitats and Species Habitat and Protection Areas in the Wet Tropics Region. DPA =
Dugong Protection Area, FHA = Fish Habitat Area.

Basin Habitat exposure DIN Species Fine Species Habitat
exposure Habitat and sediment and Protection
Protection exposure Areas in
Areas in exposure areas
exposure
areas
Daintree Fringing coastal and inshore Moderate No specific Minimal No specific
habitats adjacent to Port areas. areas.
Douglas, Hope Islands, Cape
Tribulation, Bloomfield River
and Wujal Wujal, and
potentially coral reefs in
midshelf areas further north in
larger events.
Mossman Fringing coastal and inshore Moderate No specific Minimal No specific
habitats adjacent to Port areas. areas.
Douglas and Hope Islands.
Barron Fringing coastal and inshore Moderate Trinity Inlet Moderate | Trinity Inlet
habitats adjacent to Cairns, FHA. FHA.
Trinity Bay, Double Island and
potentially coral reefs further
offshore and further north in
larger events.
Mulgrave- Inshore habitats from Innisfail Moderate No specific Low No specific
Russell to Cape Grafton including areas. areas.
Fitzroy Island, High Island,
Normanby and Russell Island in
the Frankland Island group.
Potentially coral reefs further
offshore (north and south) in
larger events.
Johnstone Inshore habitats from Kurrimine | Moderate No specific Moderate | No specific
Beach to Cape Grafton including areas. areas.
High Island, Normanby and
Russell Island in the Frankland
Island group, Hutchison and
Barnard Islands. Potentially
coral reefs further offshore
(north and south) in larger
events.
Tully Inshore habitats from Cardwell Hinchinbrook | Moderate | Hinchinbrook
and Hinchinbrook Island to the Island area Island area DPA
Frankland Island group, DPA and Tully and Tully River,
including Dunk Island, Bedarra River, Murray Murray River,
Island, Gould Island and others River, Dallachy Dallachy Creek,
in the Family Island Group. Creek, Wreck Wreck Creek
Potentially coral reefs further Creek and and Meunga
north and offshore including the Meunga Creek Creek FHAs.
Brook Islands in larger events. FHAs.
Murray Fringing coastal and inshore Moderate Hinchinbrook | Minimal Hinchinbrook

habitats from Lucinda to the
Family Island Group including

Island area
DPA and Tully

Island area DPA
and Tully River,

Wet Tropics Regional Water Quality Strategy: Synthesis of supporting evidence, June 2026 v2.0

99




Basin Habitat exposure DIN Species Fine Species Habitat
exposure Habitat and sediment and Protection
Protection exposure Areas in
Areas in exposure areas
exposure
areas
Hinchinbrook Island and River, Murray Murray River,
Channel, Gould Island, Bedarra River, Dallachy Dallachy Creek,
Island and Dunk Island. Creek, Wreck Wreck Creek,
Potentially coral reefs further Creek, Meunga Creek
north and offshore including the Meunga Creek and
Brook Islands in larger events. and Hinchinbrook
Hinchinbrook FHAs.
FHAs.

Herbert Fringing coastal and inshore Hinchinbrook Hinchinbrook
habitats from Forrest Beach to Island area Island area DPA
the Frankland Island group DPA and Tully and Tully River,
including Hinchinbrook Island River, Murray Murray River,
and Channel, Gould Island, River, Dallachy Dallachy Creek,
Bedarra Island and Dunk Island Creek, Wreck Wreck Creek,
and others in the Family Island Creek, Meunga Creek,
group and the Barnard Islands. Meunga Hinchinbrook,
Potentially coral reefs and Creek, Halifax FHAs.
seagrass further offshore (north Hinchinbrook,

and south) including the Palm Halifax FHAs.
Islands in larger events.

Pesticides

Marine monitoring for pesticides at locations in the inshore marine zone have demonstrated that
pesticides do travel beyond the end-of-catchment boundaries and are detected in these marine
ecosystems, albeit at Very Low to Low risk levels in the years monitored (2015-2020, and 2022-2023)
(Wet Tropics Waterways 2024a). The diuron marine modelling allows us to examine the inshore marine
exposure in more detail. Figure 47 presents the results of the diuron marine modelling (the wet season
daily average % of species affected 32 from 15" October — 15" April) in the inshore marine zone, when
pesticide exposure is most likely to occur with wet season runoff events (similar to the Pesticide Risk
Metric). The marine modelling by Skerratt et al. (2023) found that diuron generally disperses northward
along the coast from their dispersal at the end-of-catchments, with tides and currents playing an
important role in plume dynamics. Localised variations may concentrate pesticides in embayments
(which is also where seagrass tend to establish) rather than dispersing them along the coast, and in other
cases, disperse them beyond the original catchment area into northern regions and embayments
(Skerratt et al. 2023).

The main hot spot areas, shaded blue to aqua, indicate that the highest concentrations occur in the
southern Wet Tropics basins, largely dispersed from the Herbert River, where regular exceedance of the
High Ecological Value (HEV) threshold value* of 99% species protection (i.e. > 1% species affected) over
the wet season was likely. While areas north of Hinchinbrook Island indicate the daily average diuron
concentrations are below the HEV threshold value, it is important to remember that diuron is only one

32 To better compare the marine modelled estimates with the catchment estimates of pesticide risk, the outputs
from the eReefs diuron modelling (i.e. diuron concentrations in ug/L) were converted to percent species affected
using a similar approach used with the catchment monitoring data to calculate the Pesticide Risk Metric, albeit only
for diuron rather than the full suite of 22 pesticides as described in Section 4.2.2).

33 Aquatic ecosystems designated with a High Ecological Value, e.g., marine parks, have a recommended threshold
value to achieve = 99% species protection (ANZG, 2018).
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out of 17 pesticides that were detected in the inshore monitoring during this period (Table 51, Appendix
C), and these pesticides can jointly impact aquatic organisms. Given that diuron typically contributes 40 -
50% (Figure 40) of the total pesticide risk in end-of-catchment monitoring, the spatial extent of habitats
experiencing threshold exceedances from the full mix of pesticides is most likely greater than what the
diuron-only modelling indicates. Thus, those areas close to the threshold should also be considered as a
potential area at risk from pesticide exposure.

The marine diuron modelling shows some inconsistencies with the end-of-catchment monitoring: the
catchment monitoring indicates the Murray River has a substantially higher pesticide risk than the
Herbert River, whereas the reverse is true for the marine modelling. This may be explained by the
location of the catchment monitoring site in the Herbert River that misses a downstream area of sugar
cane situated closer to the end-of-catchment (Table 11), and therefore pesticide concentrations
discharging to the coast may be underestimated. The passive sampler monitoring at Lucinda also
indicates concentrations of diuron are low off the coast from the Herbert River (Appendix C). However,
according to Skerratt et al. (2023), the Lucinda monitoring site sits on the edge of the Herbert River
plume extent where a steep decline in diuron concentration occurs — suggesting the modelled diuron
concentrations are a sound reflection of diuron exposure in this area. The Dunk Island passive sampler
monitoring site is better situated to capture diuron plumes from the Tully and Murray rivers, which
indicated more moderate pesticide concentrations compared to the Lucinda site for the same period
(Appendix C). Based on these inconsistencies in the lines of evidence, more spatially explicit monitoring
in these inshore coastal areas around Hinchinbrook Island and Murray River should be undertaken.
Particularly, as the more recent passive sampling data shown the Dunk Island site had the highest
aggregated pesticide concentrations, followed by the Lucinda site (Figure 21), and the marine areas
around Hinchinbrook Island contain important seagrass areas, some inshore coral reefs and include
designated Dugong Protection Areas and Fish Habitat Areas (Table 32).

The mixtures of pesticides detected in catchment and inshore monitoring give an indication of the
potential impacts on diverse organisms. Herbicides, in general, dominate the catchment risk profiles,
with various modes of action directly targeting different physiological pathways in phototrophs. PSII
inhibiting herbicides (like diuron) have well-documented effects on photosynthesis in marine
phototrophs, including phytoplankton, seagrass and corals (Negri et al. 2024). The ecological impacts of
other herbicide types are less well studied, but based on their modes of action that target other
functions of phototrophic species (e.g. growth hormones), they can contribute to a combined impact on
phototrophs and exert their toxic impacts in different ways (e.g. affecting different species to different
degrees and their speed of recovery). Additionally, the presence of insecticides such as imidacloprid and
chlorpyrifos introduces entirely different risks, with documented effects on marine invertebrates (see
Negri et al. 2024 and references therein). The complex mixture of these pesticides, along with other
water quality pollutants and stressors (e.g. heat stress), likely creates ecological consequences more
severe and widespread than what is predicted here. For instance, sublethal and indirect impacts are
possible for other organisms such as fish, including metabolic impacts and endocrine disruption.
Sublethal impacts causing stress on an organism could affect their resilience to co-occurring stressors
such as other water quality pollutants (Hook et al. 2023). In addition, sediment exposure from the
O’Connell and Pioneer rivers indicates there is potential for additive or synergistic impacts from
photosystem Il inhibiting herbicides (e.g. diuron) combined with the shading effects from sediment on
phototrophic species (Negri et al. 2020; King et al. 2022).
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Table 32. Hot spot areas of diuron exposure (21% species affected wet season average), including seagrass and coral habitats.
Based on marine hydrodynamic modelling of the 2016-2017 and 2017-2018 wet seasons (table adopted from Waterhouse et al.

2025).
Hot spot area Flood plume | Seagrass habitat exposure | Inshore coral reef Species Habitat
source exposure and Protection
areas
Lucinda and Herbert Inshore seagrass habitat in | Small area of inshore | Dugong Protection
Hinchinbrook River Hinchinbrook Channel and | coral reef at Area and Fish
Channel Hinchinbrook Island and at | Hinchinbrook Island. Habitat Area.
Lucinda. Low level of exposure
for other inshore
reefs in the area.

Marine pesticide modelling and monitoring data were insufficient on their own to fully characterise
pesticide marine exposure for the spatial management prioritisation (Waterhouse et al. 2025), and
therefore, a multiple lines of evidence approach was used. Pesticide exposure levels for the
Management Response Framework (Section 8, Figure 48) were primarily determined based on end-of-
catchment monitoring data, with results confirmed or adjusted using basin-level risk assessment, the
marine modelling trends, and, where required, supplementary evidence such as land-use proportions.

End-of-catchment and basin-level pesticide risk reporting uses a five-grade classification system (Very
Low to Very High, or Very Good to Very Poor). In contrast, the Spatial Management Prioritisation applied
a four-grade exposure level system (Minimal to High) to inform the Management Response Framework
(Table 34 and Figure 48). Where discrepancies occurred between end-of-catchment and basin-level risk
estimates, additional lines of evidence were considered and documented to support assignment of the
final exposure level (Table 33).

Table 33. Evidence and reasoning for the assigning of pesticide exposure levels for basins and catchments in the Wet Tropics

Region. Land uses with the potential for higher pesticide risk (‘higher-risk land uses’) include sugarcane, bananas, horticulture,
dryland & irrigated cropping. Source: Waterhouse et al. (2025).

Basin/ End-of- Basin risk Flood plume Assigned Reasoning
catchment catchme level? source of marine Exposure level
nt risk diuron hotspots (Table 34)
level (see Table 32)
Daintree Very Low | Very Low Minimal Evidence aligns
Catchment value was used
as the basin has a smaller
Mossman Low Moderate Low proportion of higher-risk
land uses than the
catchment.
Barron Very Low | VeryLow Minimal Evidence aligns
Basin value was used as
L there are areas of land use
ow
missed in monitored area®
Mulgrave Moderate Moderate and proportions of higher-
Low risk land uses in the basin is
Russell around mid-level (12.8%).8
Basin value was used as
Johnstone Low Moderate Moderate ther.e 'S @ h.lgher propor’Flon
of higher-risk land uses in
basin®.
Tully Moderat Moderate Moderate Ca'tchment.and basin
e evidence aligns
Murray High Moderate High Catchme.nt value was'used
as there is lower confidence
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Basin/ End-of- Basin risk Flood plume Assigned Reasoning
catchment catchme level® source of marine Exposure level
nt risk diuron hotspots (Table 34)
level (see Table 32)
in basin-level estimate®, and
this basin has the third
highest proportion of
sugarcane of all the basins.?
Basin estimate was used as
there is land use missed
Herbert Low Moderate Yes Moderate below monitoring site?, and
it is a potential source of a
marine hotspot

AWarne et al. 2020; B Table 23.

Table 34. Assigned pesticide exposure levels, equivalent pesticide risk and equivalent percentage of species affected. Source:
Waterhouse et al. (2025).

Management Equivalent pesticide risk Equivalent % species affected
response
exposure level
Minimal The pesticide risk is Very Low on average | The yearly (wet season) average % species
affected is <1% for all years monitored.
Low The pesticide risk is Low on average for The yearly (wet season) average % species
all years monitored affected is between 1 and 5% species affected
Moderate The pesticide risk is Moderate on The yearly (wet season) average % species
average for all years monitored affected is between 5 and 10% species
affected
High The pesticide risk is High or Very High on | The yearly (wet season) average % species
average for all years monitored affected is >10% species affected.

8 Management Response

The purpose of the spatial management prioritisation (SMP), developed by Waterhouse et al (2025), was
to provide robust, scientifically defensible evidence to guide GBR water quality management and to
inform the Reef 2050 Catchment Water Quality Strategy (formerly the Reef 2050 Water Quality
Improvement Plan). The SMP considered the relationship between land management and the exposure
of freshwater floodplain wetlands, coral reefs and seagrass meadows to fine terrigenous sediments,
nutrients and pesticides. It integrated a comprehensive analysis of catchment characteristics, water
quality drivers, pollutant sources and loads, pollutant exposure and ecosystem condition with a decision
support framework to identify the level of management response required for each GBR basin. This
enabled prioritisation of where active intervention is needed to reduce pollutant exposure, and where
actions should focus on maintaining low pollutant levels where there is good water quality.

8.1

The Water Quality Management Decision Support Framework (Figure 60) combined two complementary
approaches to goal setting: stressor-based goals that aim to reduce water quality pollutant pressures
affecting aquatic ecosystems, and outcome-based goals that focus on maintaining or improving
ecosystem condition through comprehensive interventions that address multiple pressures. This
approach highlights the need to protect ecosystems currently in good condition that are ecologically
critical for other connected habitats, while taking action to reduce pollutant stressors to improve
affected ecosystems’ condition, in both cases proportional to the level of pollutant exposure
(Waterhouse et al. 2025).

Water Quality Management Response Decision Support Framework
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The Water Quality Management Response Decision Support Framework identified four levels of
management response based on pollutant exposure, with additional actions informed by ecosystem
condition (Figure 48). These management responses are structured as a nested framework, beginning
with the Foundational management response that applies across all GBR catchments as a minimum
response. Each successive management response level builds on this foundation by introducing
additional actions, coordination and strategy as pollutant exposure increases, the scale of required
pollutant reduction grows, and the urgency of the response intensifies. In this way, the framework links
the severity of water quality risk to the scale of management intervention required.

Pollutant Exposure

Minimal Low Moderate High
Foundational Accelerated Intensive
g Poor response response + response +
- + Investigate evaluate evaluate
=)
S Foundational Accelerated Intensive
o response response + response +
Moderate ;
E +Investigate further further
2 assessment assessment
=
§ Accelerated Intensive
W | sood Proactive response response
response +increased +increased
vigilance vigilance
Trust Small-scale Targeted Comprehensive
development, intervention intervention intervention
prepare for future
developments
Management approach

Figure 48. Water Quality Management Response Decision Support Framework (adopted from Waterhouse et al. 2025).

8.1.1 Management Response levels

The management response levels are described below as per Waterhouse et al. (2025), with further
details presented in Appendix F (including example mechanisms and activities for delivery):

The Foundational management response - Minimal likelihood of pollutant exposure:

Includes all the core components of management that set the foundation of water quality management
in all areas to maintain good water quality and prevent future issues. This includes those areas that have
Minimal pollutant hazard / exposure and ecosystems in Good condition. The response should build on
the strengths of what is already established and available, e.g. skills, expertise, and innovations, and the
networks, relationships and trust with stakeholders, Traditional Owners and communities. The scale of
effort is broadscale and could be viewed as a minimum level of water quality management across the
GBR catchment area. This response focuses on maintaining regulated minimum practice standards,
regulatory compliance, actively maintaining ecosystem values and services, fostering Traditional Owner
involvement, identifying established strengths for program delivery, design and development of fit-for-
purpose engagement models for supporting adoption of sustainable land management practices with
water quality benefits, strategic communications, building relationships and preparing for future
developments.

The Proactive management response - Low likelihood of pollutant exposure:

Builds on the Foundational management response with localised actions where pollutant exposure is
Low but may be increasing. Adopting a proactive approach will ensure that emerging issues are
addressed and good water quality is maintained in these areas into the future. The response may include
small-scale localised interventions could include actions in specific land uses, active uptake of practices
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with water quality benefits, small scale system repair and landscape restoration actions, and presence of
industry stewardship programs.

The Accelerated management response - Moderate likelihood of pollutant exposure:

Builds on the previous management responses, with more targeted and coordinated approaches where
pollutant hazard / exposure is Moderate and action to reduce pollutants needs to be stepped up. The
focus shifts from ‘preventing’ to ‘reducing’ pollutant exposure and impact, and the need to manage
pollutant exposure to support ecosystem recovery potential and reducing or managing disturbances
(where possible) at the local or regional scale. This requires targeted and tailored management options,
most likely across multiple land uses with a diversity of management options in strategically defined and
targeted sub-catchment areas within the basin or management unit. Greater levels of collaboration,
more intensive coordination and planning, strategic design, program development and delivery are
critical to support accelerated change.

The Intensive management response - High likelihood of pollutant exposure:

Requires comprehensive, urgent action across multiple land uses where pollutant hazard / exposure is
High and ecosystems may be under significant stress. It builds on previous management responses with
increasing intensity to deliver large-scale land management, targeting all dominant pollutant sources,
multiple land uses (with intensity depending on contributions) and water quality drivers. Involves
integrated whole-of-system strategic design, planning and delivery of programs with implementation of
a comprehensive suite of options for sustainable land management including management practices
with water quality and co-benefits, engineered solutions and systems repair. Recognition of co-benefits
is important to facilitate additional resourcing for areas requiring intensive management.

8.1.2 Management actions for ecosystem condition

Within each management response level, there are additional actions that are triggered according to the
ecosystem condition. The additional management actions are described below as per Waterhouse et al.
(2025), with further details presented in Appendix F:

Ecosystems in Good condition: Require routine and ongoing monitoring of ecosystem condition and
water quality drivers, with reactive monitoring of large-scale disturbance events. Under Moderate and
High pollutant exposure, additional responses are required for increased vigilance of changes in
ecosystem condition to ensure condition does not decline.

Ecosystems in Moderate condition: Under Minimal or Low pollutant exposure an investigation would be
triggered to determine the other pressures driving the Moderate condition (assuming it is not related to
nutrient, sediment or pesticide impacts) and to inform relevant managers of the need to act. Under
Moderate or High pollutant exposure, a Moderate condition ecosystem would trigger further
assessment to understand additional pressures on the ecosystem, to identify trends in ecosystem
condition and to understand the role of pollutant impacts on the ecosystem’s state to avoid further
declines. Tailored communications on these ecosystems, drivers and pressure under threat should be
developed and disseminated.

Ecosystems in Poor condition: Under Minimal or Low pollutant exposure an immediate investigation
would be triggered to determine the drivers of the condition and inform relevant managers of the need
to act. Under Moderate or High pollutant exposure, a Poor condition ecosystem would trigger an
evaluation of the ecosystem’s ecological, social and cultural values, other potential drivers of the poor
condition and the ecosystem’s potential for recovery. Depending on the outcome of the evaluation,
other intervention options may need to be considered. Tailored communications on these ecosystems
under threat should be developed and disseminated.

8.2 Management responses for the Wet Tropics Region

The Management Response Framework is applied at two spatial scales — whole of basin and smaller,
more localised scale (e.g. sub-catchment) — to address different exposure pathways and ecosystem
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sensitivities. At the basin scale, management responses address pollutant loads discharging to marine
environments and are determined by the likelihood of exposure to marine ecosystems (seagrass and
coral) (Figure 48). At smaller scales, responses are refined to account for localised risks to freshwater
floodplain wetlands where activities upstream and surrounding freshwater floodplain wetlands can
generate higher pollutant hazards than indicated by basin-wide marine assessments. For example, a
basin may warrant a Foundational management response for nutrients based on marine exposure, while
freshwater wetlands within that basin require an Accelerated response in upstream/surrounding areas
due to elevated local nutrient hazards. This two-scale approach ensures that management effort is both
proportional to marine exposure and targeted to localised freshwater hazards.

For each basin within the six NRM regions of the GBR catchment area, management response levels are
defined for nutrients, sediments and pesticides for both the marine ecosystems (basin scale) and
freshwater floodplain wetlands (smaller, more localised scale) — noting that, for the Herbert Basin, the
wetland hazard assessment is split between the Upper and Lower Herbert management units. The
combined marine and results inform the overall management and focus areas for each basin, as
described in Waterhouse et al. (2025). The results of the water quality management response
assessment for the Wet Tropics Region are presented for freshwater floodplain wetlands and marine
ecosystems in Table 35, along with the dominant pollutant sources and delivery pathways for targeting
management. Management options for these pollutant sources are further explored in Section 9.

The focus of DIN management in the Wet Tropics is actively reducing the Moderate and High DIN
exposure that is occurring on marine and freshwater floodplain wetland ecosystems from key sources—
primarily sugarcane and bananas, as well as urban areas and sewage treatment plants in some basins. At
the basin scale, this requires an Intensive management response in the Tully and Herbert basins, where
DIN exposure to coral reefs is High. All other basins—including Daintree, Mossman, Barron, Mulgrave-
Russell, Johnstone and Murray—require an Accelerated management response to reduce Moderate DIN
exposure. At a finer scale, the freshwater floodplain wetland hazard assessment indicates that Intensive
nutrient management is required in areas surrounding and upstream of freshwater floodplain wetlands
for most basins, including Barron, Johnstone, Tully, Murray and the Upper and Lower Herbert, reflecting
high nutrient hazards. While the wetland hazard assessment indicates Foundational Management
response for Daintree and Mossman, and Proactive for Mulgrave-Russell, the basin-scale responses are
higher and therefore take precedence.

The focus of sediment management in the Wet Tropics is to actively reduce the Moderate and High
sediment exposure to marine and freshwater floodplain wetland ecosystems, while also ensuring the
Low and Minimal exposure is maintained in other areas; primarily through targeting grazing and
streambank sources, as well as sugarcane in several basins. This requires an Intensive management
response in the Herbert basin to address High sediment exposure, and Accelerated management in the
Herbert, Tully, Johnstone and Mulgrave-Russell to address Moderate exposure. Proactive management is
required in the Mossman to prevent escalation of Low sediment exposure. Maintaining Minimal
exposure in the Daintree and Barron basins will be supported through Foundational management
responses. At a smaller scale, Intensive management is required in areas surrounding and upstream of
freshwater floodplain wetlands in the Mossman, Barron, Mulgrave-Russell, Johnstone, Tully, Murray and
Herbert (Lower) basins. Accelerated management of pesticides in the Upper Herbert, and Foundational
management in the Daintree, is also required in areas surrounding and upstream of freshwater
floodplain wetlands — as per the basin-scale responses.

The focus of pesticide management in the Wet Tropics is to actively reduce the Moderate and High
pesticide exposure to marine and freshwater floodplain wetland ecosystems, while also ensuring the Low
and Minimal exposure is maintained in other areas; primarily through targeting sugarcane and banana
sources, with secondary targeting of horticulture, dryland and irrigated cropping and non-agricultural
sources. This requires an Intensive management response in the Murray basin to address High pesticide
exposure, and Accelerated management in the Barron, Johnstone and Tully to address Moderate
exposure. Proactive management is required in the Mulgrave-Russell to prevent escalation of Low
pesticide exposure. Maintaining Minimal pesticide exposure in the Daintree, Mossman and Murray
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basins will be supported through Foundational management responses. Intensive management is
required in areas surrounding and upstream of freshwater floodplain wetlands in the Barron, Johnstone,
Tully, Murray and Herbert (Upper and Lower) basins. Proactive management of pesticides in the
Mulgrave-Russell, and Foundational management in the Daintree and Mossman, is also required in areas
surrounding and upstream of freshwater floodplain wetlands — as per the basin-scale responses.

8.3 Ecosystem condition management response

The SMP assessment recommends additional management responses based on the ecosystem condition
(in context of the pollutant exposure levels). As coral ecosystems in the Wet Tropics Region were in
Moderate condition in 2022-23 (Section 3.2.2), the recommended actions are to consider further
assessment to understand additional pressures on the ecosystem, to identify trends in ecosystem
condition and to understand the role of pollutant impacts on the ecosystem’s state to avoid further
declines. Tailored communications on these ecosystems, drivers and pressure under threat should also
form part of the regional management response.

The condition of seagrass ecosystems in the Wet Tropics range from Good (Mossman and Barron basins),
to Moderate (Daintree, Mulgrave-Russell, and Johnstone), and Poor (Tully, Murray and Herbert). A mix of
additional actions are therefore required, for example: investigate other pressures driving the Moderate
condition in the Daintree; routine and ongoing monitoring of ecosystem condition for the Mossman, and
increased vigilance of changes in condition for the Barron; further assess additional pressures, trends in
condition and the role of pollutant impacts to avoid further declines in the Mulgrave-Russell and
Johnstone; and, evaluate whether additional intervention options for ecosystem repair or recovery
should form part of the management response for the Tully, Murray and Herbert — noting that validation
of condition is required for the Murray basin.

The condition of freshwater floodplain wetlands has only been monitored in the southern Wet Tropics’
basins —i.e. Mulgrave-Russell to Herbet. Wetlands in the Mulgrave-Russell, Tully and Upper Herbert
basins are in Moderate condition and therefore require further assessment of additional pressures,
trends in condition and the role of pollutant impacts to avoid further declines. Johnstone, Murray and
Lower Herbert wetlands are in Poor condition and therefore an evaluation of whether additional
intervention options for ecosystem repair or recovery are recommended. In Daintree, Mossman and
Barron basins, freshwater floodplain wetland condition data are currently unavailable. Surveys to
establish baseline wetland condition are therefore required to determine current condition, validate
hazard assessments, and support the identification of appropriate management responses.
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Table 35. Summary of the results by basin of the water quality management response assessment for each pollutant for freshwater floodplain wetlands and marine ecosystems, and the focus areas
for management relevant to the results. For management responses: F = Foundational, P = Proactive, A = Accelerated and | = Intensive; + indicates additional actions are required based on
ecosystem conditions. 1 Management responses for freshwater floodplain wetlands are more targeted to areas within the basin that present a hazard to the wetlands, whereas the management
responses for marine exposed areas are at the basin level, noting that management responses at catchment level are only presented for freshwater floodplain wetlands. The default management
response for all areas is ‘Foundational’, additional levels of response are featured where required for specific pollutants. The overall management and focus areas for the basin defaults to the Basin-
level (marine-driven) management response. °The dominant pollutant sources and pathways are sourced from Sections 5 and 6. Dominant land uses for pesticides are based on those land uses
within the basin with higher potential for pesticide risk and are ordered based on decreasing proportional area. Conservation sources have been excluded from the assessment to target
management of anthropogenic sources and grazing was excluded for DIN. 3 The freshwater floodplain wetland nutrient hazard exposure does not distinguish particulate and dissolved nutrient
forms. In these basins, the dominant nutrient influence is likely to be particulate nutrients (informed by loads by land use data), however, validation is required to distinguish dissolved and
particulate sources.* Low confidence due to insufficient data or observations (requires validation or investigation). (Adopted from Waterhouse et al. 2025).

Basin Management Response?! Overall management and focus areas Dominant pollutant sources
Nutrient Sediments Pesticides for targeting management
. . . (ranked)?
Marine Wetland Marine Wetland Marine  Wetland
and pathways (ranked)

Daintree A+ e Broadscale foundational management across the basin for all Nutrients (DIN): Sugarcane
pollutants, with accelerated management of nutrients in Sediment & particulate
targeted sub-catchment areas. nutrients: Streambank in

e Validate wetland pesticide hazard assessment and where various land uses & Grazing
required, implement appropriate management for wetlands in Hillslope & Streambank
hazard exposed areas. Pesticides: Sugarcane

e Investigate wetland condition. *

Mossman A+ e Accelerated management of nutrients in targeted sub- Nutrients (DIN): Sugarcane
catchment areas, and localised proactive management of Sediment & particulate
pesticides. Broadscale foundational management in all other nutrients: Minimal
areas across the basin. anthropogenic sources (some

e Validate wetland pesticide hazard assessment and where Sugarcane & Urban)
required, implement appropriate management for wetlands in Hillslope
hazard exposed areas. Pesticides: Sugarcane

e |nvestigate wetland condition. *

Barron A+ I+ e Accelerated management of nutrients and sediment in targeted  Nutrients (DIN): Urban,
sub-catchment areas. Intensive management of all pollutants Sewage Treatment Plants,
for wetlands in hazard exposed areas. Broadscale foundational Sugarcane & Bananas
management in all other areas across the basin. Sediment & particulate

e Investigate wetland condition. * nutrients: Streambank in

various land uses & Grazing
Streambank & Hillslope
Pesticides: Sugarcane,
Irrigated Cropping,
Horticulture & Bananas
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Basin

Mulgrave-
Russell

Johnstone

Tully

Nutrient

Marine

| III |
A+ I+ A+ I+ A+ I+

Wetland

Management Response!

Sediments

Marine

A+

Wetland

Pesticides

Marine

A+

Wetland

Overall management and focus areas

Accelerated management of nutrients and pesticides across
multiple land uses in targeted sub-catchment areas, and
localised proactive management of sediment. Broadscale
foundational management in all other areas across the basin.
Validate wetland nutrient hazard assessment and where
required, implement appropriate management for wetlands in
hazard exposed areas. Intensive management of pesticides and
localised management of sediment for wetlands in hazard
exposed areas.

Further assessment of wetland condition to understand the role
of pollutant impacts and actively manage other drivers of
wetland condition.

Accelerated management of nutrients, sediment and pesticides
across multiple land uses in targeted sub-catchment areas.
Intensive management of all pollutants for wetlands in hazard
exposed areas. Broadscale foundational management in all
other areas across the basin.

Evaluate wetland ecological, social and cultural values, other
potential drivers of the poor condition and the ecosystem’s
potential for recovery. Other intervention options for
ecosystem rehabilitation /recovery may need to be considered
(based on values assessment).

Multi-pollutant, strategic management required across multiple
land uses, with intensive large-scale management of nutrients
and accelerated management of sediment and pesticides in
targeted sub-catchment areas. Intensive management of all
pollutants for wetlands in hazard exposed areas. Broadscale
foundational management in all other areas across the basin.
Further assessment of wetland condition to understand the role
of pollutant impacts and actively manage other drivers of
wetland condition.

Evaluate seagrass ecological, social and cultural values, other
potential drivers of the poor condition and the ecosystem’s
potential for recovery. Other intervention options for
ecosystem repair/recovery may need to be considered (based
on values assessment).

Dominant pollutant sources
for targeting management
(ranked)?
and pathways (ranked)

Nutrients (DIN): Sugarcane,
Bananas, Urban & Sewage
Treatment Plants
Sediment & particulate
nutrients: Streambank in
various land uses, Sugarcane
& Grazing
Hillslope & Streambank
Pesticides: Sugarcane &
Bananas

Nutrients (DIN): Sugarcane,
Bananas & Urban
Sediment & particulate
nutrients: Streambank in
various land uses & Grazing
Hillslope & Streambank
Pesticides: Sugarcane,
Bananas & Urban

Nutrients (DIN): Sugarcane &
Bananas

Sediment & particulate
nutrients: Streambank in
various land uses &
Sugarcane

Hillslope & Streambank
Pesticides: Sugarcane &
Bananas
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Basin

Murray

Herbert

Upper
Herbert

Lower
Herbert

Nutrient
Marine Wetland
A+ I+
I+ I+
I+
I+

Management Response?

Sediments
Marine Wetland
F+ I+
I+
I+
I+

Pesticides
Marine  Wetland
I+ I+
A+ I+
A+
I+

Overall management and focus areas

Multi-pollutant, strategic management required across multiple
land uses, with large-scale intensive management of pesticides
and accelerated management of nutrients in targeted areas.
Intensive management of nutrients and pesticides for wetlands
in hazard exposed areas. Broadscale foundational management
in all other areas across the basin.

Validate wetland sediment hazard assessment and where
required, implement appropriate management for wetlands in
hazard exposed areas.

Evaluate wetland and seagrass ecological, social and cultural
values, other potential drivers of the poor condition and the
ecosystem’s potential for recovery. Other intervention options
for ecosystem rehabilitation/recovery may need to be
considered (based on values assessment).

Multi-pollutant, strategic management required across multiple
land uses, with large-scale intensive management of nutrients
and sediment and accelerated management of pesticides in
targeted sub-catchment areas. Intensive management of all
pollutants for wetlands in hazard exposed areas in the Lower
Herbert MU and for sediments in the Upper Herbert MU.
Validate wetland nutrient? and pesticide hazard assessment in
the Upper Herbert MU and where required, implement

appropriate management for wetlands in hazard exposed areas.

Evaluate wetland ecological, social and cultural values in the
Lower Herbert, other potential drivers of the poor condition
and the ecosystem’s potential for recovery. Other intervention
options for ecosystem rehabilitation/recovery may need to be
considered (based on values assessment).

Further assessment of wetland condition in the Upper Herbert
MU to understand the role of pollutant impacts and actively
manage other drivers of wetland.

Evaluate seagrass ecological, social and cultural values, other
potential drivers of the poor condition and the ecosystem’s
potential for recovery. Other intervention options for
ecosystem repair/recovery may need to be considered (based
on values assessment).

Dominant pollutant sources
for targeting management
(ranked)?
and pathways (ranked)
Nutrients (DIN): Sugarcane &

Bananas

Sediment & particulate
nutrients: Streambank in
various land uses &
Sugarcane

Pesticides: Sugarcane &
Bananas

Nutrients (DIN): Sugarcane
Sediment & particulate
nutrients: Grazing,
Streambank in various land
uses & Sugarcane

Hillslope & Streambank
Pesticides: Sugarcane &
Irrigated Cropping
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9 Management options

Several land management practices and remediation actions are proven to be cost-effective in improving
water quality. Translating these into more substantial pollutant reductions, however, still requires
significant scaling up of the adoption of these actions, prioritisation of pollutant hotspots, and greater
knowledge of the costs and potential co-benefits of practice adoption (Waterhouse et al. 2024a).

It was clearly established in the Wet Tropics WQIP that the primary management options for directly
reducing pollutant loads in the Wet Tropics are associated with improvement or maintenance of
sustainable management practices that maximise water quality benefits in agricultural and urban land
uses. However, many of these options do not result in immediate pollutant reductions at the end of
catchments and are therefore required to be part of a longer term implementation strategy for meeting
water quality targets (Terrain NRM, 2015). Furthermore, adoption levels in the uptake of agricultural
management practices (DPI, 2025) may fall short of what is required to meet water quality targets. Since
the Wet Tropics WQIP, interest has been growing in seeking alternative management options and
consideration of potential co-benefits of actions such as wetland or vegetation rehabilitation.

For example, with the growing interest in harnessing the abiotic and biotic processing capacity of
wetlands to support water quality improvements, the 2022 SCS reviewed the evidence on the efficacy of
natural and near-natural wetlands, restored, treatment (constructed) wetlands and other treatment
systems in water quality improvement (nutrients, sediments and pesticides) in agricultural landscapes
(Waltham et al. 2024). The review found there was limited evidence specific to the GBR, but global
evidence suggests that wetland systems can retain and process pollutants (nutrients, sediments and
pesticides) from multiple land uses, but in some cases also export nutrients and sediments. Natural and
near-natural wetlands were typically more effective at pollutant removal than constructed or restored
wetlands. However, there are large variations in the pollutant retention capacity of all types of wetlands
and treatment systems. Critical factors for optimising the efficacy of water quality improvement include:
the presence and maintenance of vegetation communities; hydrological characteristics including the
wetland size relative to the contributing catchment area, flow rate, loss pathways and water residence
time; and the type, form and input concentration of the targeted pollutant (Waterhouse et al. 2024b).

9.1 Agricultural management practice options

The recommended management practices for water quality improvement, Water Quality Risk
Frameworks, were developed as part of the P2R program in 2016 for each of the major agricultural
industries (sugarcane, grazing, horticulture, grains and bananas). The frameworks provide a consistent
description of management practices across the GBR catchment area and the practices are ranked from
those that have the lowest water quality risk to those that have the highest risk. These frameworks were
reviewed as part of the review of the Management Practice Adoption targets and therefore, are not
detailed here. However, published evidence related to the most effective management options for each
pollutant is summarised below. Table 36 presents a summary of the management options broadly
applied for pollutant management in the GBR catchment area.

Minimum standards of agricultural management practices for nutrients and sediments are regulated
through the Reef Protection Regulations. Regulatory standards for pesticide use are enforced by the
Chemical Usage (Agricultural and Veterinary) Control Act 1988, with adherence to the use of specific
pesticide products according to label instructions. In many areas, including the Wet Tropics,
incorporating management practices (e.g. Water Quality Risk Frameworks) that go beyond the minimum
regulatory standards will be required to achieve the water quality improvements that are needed for
ecosystem protection (Waters et al. 2020).
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Table 36. Range of management options broadly applied for the major industry and the pollutant being addressed in the GBR

catchment area and relevant to the Wet Tropics Region (Source: Derived from Alluvium, 2023).

Industry Target Primary Examples of management interventions
pollutant management
response
Intensive Nutrient DIN practice e.g., matching Nitrogen and Phosphorus to crop
cropping management change requirements, rotational legume crops, use of
including Enhanced Efficiency Fertilisers (EFF), use of mill
sugarcane, mud, variations to fertiliser application method
bananas and (e.g., subsurface),
horticulture - - - — -
Sediment Sediment practice | e.g., minimum tillage, fallow land management,
management change crop residue cover, controlled machinery traffic,
ground cover during fallow, controlling runoff
(buffers), maintaining covered ground, inter-row
management
Pesticide Pesticide practice | e.g., precision agriculture, product selection,
management change timing of application relative to rainfall.
Combined DIN, sediment, e.g., whole of farm integrated management,
pollution pesticide practice | mixed management interventions
management change
Grazing Sediment Sediment practice | e.g., stocking rates, groundcover thresholds,
management change vegetation management (ground cover, stock
(hillslope) access, grazing pressure, off-stream watering)
Sediment Landscape repair | e.g., revegetation, porous check dam, contour
management banks, gully reshaping, earthworks, whoa-boys,
(gully and culverts, table drains
streambank)

9.1.1 Nutrients

Sugarcane

The most effective and profitable management practice for reducing dissolved nitrogen exports from the
GBR catchment area is reducing nitrogen fertiliser applications to industry recommended rates, with
consistent results across different land uses, climates, and management contexts (Thorburn et al. 2024;
Waterhouse et al. 2024b). Further rate reductions give consistent water quality benefits, but productivity
and profitability vary. In sugarcane, other management practices include the use of Enhanced Efficiency
Fertiliser (EEF), mill mud application, improved irrigation, crop residue management, improved farming
systems (such as growing legumes in between sugarcane crops) and burying fertiliser (Table 36). For
many of these management practices, the effectiveness and profitability is not clearly demonstrated
and, for some, varies depending on climate, soil and seasonal characteristics (Waterhouse et al. 2024b).
Despite the regional variability, the benefits of EEF are likely greatest for mid- to late-season crops, in the
wetter regions of the Wet Tropics (e.g., Babinda, South Johnstone, North Tully), and in wetter seasons
(Thorburn et al. 2024). In the Wet Tropics, the largest loads of dissolved inorganic nitrogen (DIN) come
from the Lower Herbert, followed by the Johnstone, Tully and Mulgrave-Russell, primarily from land used
for sugarcane production, followed by bananas and conservation, although some DIN comes from
grazing activities in the Johnstone and Tully. The primary loss pathway of DIN into GBR waterways is
through seepage (see Section 6.1.1 for more details).

The outcomes of the review of the Management Practice Adoption targets for the Wet Tropics (DPI,
2025) found that practices should continue to focus on better matching of the applied N-fertiliser to the
plant needs and increased Nitrogen Use Efficiency (NUE). The use of EEF products at a reduced
application rate was also identified as a standalone practice across the Region or could be used in
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combination with other N-fertiliser rate adjustment practices. Accounting for legume crops in rotation
was identified across the Region with potentially high adoption rates, in addition to the use of
ameliorants to address yield constraints and improve crop uptake of applied nutrients. Mill mud
application was also identified as a relevant practice with lower adoption rates in the northern areas.
Improved drainage management was highlighted in the northern areas with high adoption rates. The
management rates and adoption are predicated on the assumption that the delivery of Nutrient
Management Plans will continue. Improving drainage and use of soil ameliorants to improve yield had
high adoption rates relative to the use of EEF’s.

Bananas and Horticulture

There has been limited focus on horticulture and bananas in the GBR most likely because the footprint
for these industries is relatively small. As a result, the current evidence about the most effective
practices for nutrient reductions in bananas and horticulture is limited and requires further investigation
as these can be locally important (Prosser & Wilkinson, 2024b). Thorburn et al. (2024) highlights the
importance of nutrient management of DIN in bananas, where lower N applications reduced N leaching
(Armour et al. 2013), however, the water quality effects of different fertiliser application methods in
banana crops are still poorly understood (Thorburn et al. 2024).

The priority practices for bananas in the P2R Water Quality Risk Framework are focused on nutrient
management planning, where fertiliser optimisation (timing, placement and frequency) is critical. For
sediment management practices, increased ground cover between rows and reduced wheel ruts are
highlighted. The Banana Best Management Practices Environmental Guideline (King 2021) highlights the
importance of nutrient management for water quality outcomes and FreshCare BMP is the overarching
platform for Hort360.0ver the last five years, there have been over 40 projects across the Wet Tropics
Region that include a nutrient component, ranging from region-wide projects such as extension support
from the Queensland Department of Agriculture and Fisheries (now DPI) to more localised projects
focused on addressing a particular aspect of nutrient management such as grower initiative projects
targeting improved NUE within the sugarcane industry, and other projects working with landholders to
undertake local scale water quality monitoring, and assessing the potential for wetlands to process
nutrients (see Section — 12 Recent projects and programs).

9.1.2 Sediments

Grazing

The most effective management practices for reducing fine sediment and particulate nutrient export
from the GBR catchment area vary between land uses and erosion types. Common practices for hillslope
erosion, which is the most common erosion type in the Wet Tropics, include the use of moderate and
adaptive grazing stocking rates, maintenance of at least 40% ground cover (but preferably >70%), regular
periods of strategic rest from grazing (especially in the early wet season), cattle exclusion from fragile
land-types, maintaining or reintroducing vegetation into landscapes (including pasture management and
vegetation buffers), management of sediment delivery pathways within catchments (e.g., via
management of roads, drains and gullies), and other practices that minimise soil runoff (such as green
cane trash blanketing, zero/minimum tillage and controlled traffic farming) (Table 36) (Waterhouse et al.
2024b).

In the Wet Tropics Region the review of the Management Practice Adoption targets (DPI, 2025)
highlighted that matching stocking rate to carrying capacity is a foundational practice for both the
Johnstone and Herbert basins despite having very different target landholder population characteristics.
The Johnstone basin has high rainfall, smaller ‘hobby farms’ and a tendency towards a ‘landscape
management’ focus; the Herbert basin has variable rainfall, and larger, multi-generational grazing
enterprises. A suite of complementary practices is required to successfully achieve matching stocking
rate to carrying capacity. As above, graziers may be undertaking one or more components to varying
success, however, few are successfully undertaking the full suite of practices, and support is required for
all components of this practice to increase adoption. Wet season spelling is noted as a component of
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matching stocking rate to carrying capacity, along with stabilising and protecting frontage country and
management of linear features are complimentary practices that will add value to other practices.

Three whole-of-property grazing land management projects were implemented as part of the Upper
Herbert Water Quality Program in the Reef Trust Partnership to reduce sediment losses and improve
water quality. These projects focused on promoting sustainable land management practices, enhancing
ground cover, and reducing erosion through tailored property-level interventions. At Glen Ruth Station, a
33,000-ha cattle station, the project involved reducing stocking rates by 50% on 2,400 ha to increase
ground cover and improve weed management. The station implemented a rotational grazing system
across 17,300 hectares to manage grazing pressure and fenced off large areas of river frontage to reduce
cattle impact on riverbanks. These initiatives aimed to improve soil health, reduce erosion, and enhance
overall pasture productivity. Goshen Station, a 19,335-ha property, introduced infrastructure
improvements including 6 km of fencing and 3 km of pipeline to support a five-paddock rotational
grazing system. This allowed longer pasture rest periods promoting more resilient ground cover. Weed
management using controlled fire was employed to prevent woody thickening, further improving land
condition. At Minamoolka Station, a 29,000-hectare property at the headwaters of the Herbert and
Burdekin Rivers, the project focused on improving ground cover through a rotational grazing system
across 12,200 ha. Infrastructure investments included 32.5 km of fencing, off-stream watering systems,
and seasonal paddock spelling on erosion prone sections. This approach led to improved ground cover,
soil retention, and enhanced pasture quality. Collectively, these projects demonstrated the effectiveness
of rotational grazing, infrastructure improvements, and targeted land management strategies in reducing
sediment loss and improving water quality outcomes. Key lessons included the importance of effective
coordination, using local experts with established relationships, and peer-to-peer knowledge sharing to
achieve long-term success in grazing land management (Reef Trust Partnership, 2024).

Remediation of large alluvial gullies has been demonstrated to be a highly effective strategy to
significantly reduce fine sediment loads delivered to the GBR, achieving over 90% fine sediment
reductions within 1-2 years when a combination of treatments is applied. Ongoing maintenance
(including livestock exclusion) of the remediation sites is required to retain these benefits. Few studies
focus on measuring the water quality benefits of streambank restoration, however, it is evident that
bank erosion generally occurs at lower rates on vegetated streambanks than non-vegetated
streambanks. Large-scale remediation of high sediment yielding gullies is 26—60 times more cost-
effective in achieving the same cumulative fine sediment reduction than lower-cost options for lower-
yielding gullies. The limited available peer reviewed evidence shows that hillslope gully remediation, that
is based on the use of low-cost check dams in gully floors and fencing, is less cost-effective compared to
large high-yielding gullies. Alluvial gully treatments typically have shorter response times in terms of fine
sediment reductions and can be treated at larger scales and in fewer locations, resulting in additional
logistical efficiencies. Of relevance to management prioritisation, the available studies also indicate that
a small number of gullies (~ 2% of the total number) contribute a substantial proportion of the sediment
yield (30%), highlighting the need for targeting the high yielding gullies as a means of efficiently reducing
fine sediment exports to the GBR (Brooks et al. 2024).

In the Wet Tropics, gully erosion is largely confined to the Upper Herbert where grazing is the dominant
land use exporting fine sediments (DETSI, 2026). A recent Upper Herbert Water Quality Program, funded
as part of the Reef Trust Partnership, focused on gully remediation and streambank erosion, as well as
providing support to graziers to help them improve grazing land management practices to reduce
sediment loss. As part of the program, two large gullies were remediated and revegetated to prevent
future erosion and 500 m of degraded streambank was rehabilitated through active interventions
including the installation of pile fields to stabilise banks, reshaping streambanks and revegetation efforts.
In addition, three whole-of property plans were completed along with on-ground grazing land
management projects that aimed to improve ground cover, soil health, water quality and productivity
(Reef Trust Partnership, 2024).

Wet Tropics Regional Water Quality Strategy: Synthesis of supporting evidence, June 2026 v2.0
114



Bananas and Horticulture

The management practices for sediment management in bananas and horticulture are focused on
increased ground cover between rows and reduced wheel ruts. Rasiah et al. (2009) found that inter-row
grass covers were effective at reducing compaction and improving infiltration caused by wheel traffic
stress, however, the study did not directly measure the influence of management practices on sediment
and nutrient loss. Roebeling et al. (2007) applied the LUCTOR crop growth model to generate input-
output data for different management practices in banana production in the Tully and Murray basins.
SedNet and ANNEX were used to model the water quality response of these practices. The modelling
indicated that maintaining cover on inter-rows leads to a 60% decrease in fine suspended sediment
delivery, however, these results may not be transferable to other systems. Zonal tillage is when only the
row area is cultivated in preparation for planting and the inter-row area remains undisturbed. The
reduced cultivation as a result of zonal tillage was predicted by the model to reduce suspended sediment
from the industry by 65% from 5,700 t/y to 2,000 t/y.

9.1.3 Pesticides

The most effective management practices for reducing pesticide risk from the GBR catchment area vary
between land uses. Practices that demonstrably reduce pesticide risk from agricultural land uses include
reducing the total amount of pesticide applied through lower application rates (within label
recommendations), improving application methods, timing of application in relation to weather risk
periods, switching to pesticide products with lower environmental risk and reducing soil erosion through
retaining cover, controlled traffic, and improved irrigation management for pesticides with greater soil
sorption. These findings have remained relatively consistent through time, and across climatic regimes
and farming systems of the GBR catchments. A range of non-chemical pesticide control measures
(integrated pest management, cultural controls that modify the pest’s growing environment) hold
considerable potential for reducing reliance on chemical control measures, but most are yet to be
trialled in the GBR catchment area with respect to long-term pesticide use reductions, efficacy and
economic outcomes (Davis et al. 2024; Waterhouse et al. 2024b).

The outcomes of the review of the Management Practice Adoption targets (DPI, 2025) recommended
practices include a more holistic package of risk management actions (drawing on the actions above),
and specific actions identified within regions such as the use of banded residual herbicides, dual
herbicide sprayers and optimised pesticide selection and application.

Based on the distribution of pesticides in the Wet Tropics waterways and associated risks presented
here, several key management responses can be implemented to reduce both acute peak concentrations
and chronic exposure of aquatic ecosystems to pesticides. These responses range from broad strategies
to reduce overall pesticide runoff to targeted approaches for managing local risks in sub-catchments. The
effectiveness of these management responses depends on understanding both the properties of
different pesticides and the local environmental conditions that influence their transport and fate in the
environment.

Reducing overall ‘chronic’ risk

A number of options are available to reduce overall risk to waterways, and it is likely that a combination
of responses tailored to the soil and environmental conditions of each farm would optimise reductions in
aquatic risk while meeting the landholder’s pest control needs. The options are broadly categorised as:

i Reduce overall pesticide application rates. Application rate is one of the biggest drivers of
pesticide export and studies demonstrate proportionally lower losses with lower application
rates (Templeman and McDonald, 2024; Davis et al. 2024 and references within).

ii. Focused efforts on reducing application levels of diuron and imidacloprid:

o Efforts to reduce imidacloprid have been reported in the Wet Tropics and these seem
evident in the water quality results for a number of catchments.

o Diuron has restricted use in the Wet Tropics compared to other regions. Ensuring land
holders are aware and understand the label requirements for diuron use in this region
is critical.
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o Offering alternative solutions to ensure farmers can manage weed control is also
critical — including non-chemical solutions Davis et al. 2024).

iii.  Switching to alternative products with lower aquatic risk will help to reduce overall risk to
waterways, but it does require consideration of local conditions:

o The Pesticide Decision Support tool (Warne et al. 2023), also known as the Pesticide
Projector tool, calculates an aquatic risk factor for pesticide active ingredients based on
their environmental toxicity, persistence and mobility.

o Understanding the specific soil characteristics of individual farms and their influence on
pesticide behaviour would enable more informed product selection decisions to help
reduce pesticide runoff risk.

o Soil characteristics significantly influence pesticide behaviour, meaning that
applications on different soil types may result in different aquatic risk profiles. For
example, research has shown that variations in organic carbon content across GBR soil
types can cause the half-life of diuron to vary by a factor of 14, while having much less
impact on pesticides like atrazine, 2,4-D and isoxaflutole, which vary by less than a
factor of 2 (Shaw et al. 2013).

Reducing high acute peaks

Peaks in pesticide risk are usually associated with early rainfall events in the wet season (‘first flush’
events) which then typically reduce with subsequent rainfall events as the wet season progresses (Smith
et al., 2012). The proportion of pesticide delivered to the receiving waterways is enhanced when there
are short timeframes between application and rainfall events. In addition to management responses that
will help to target overall reductions (previously mentioned), reducing the acute higher-risk peaks of
pesticide exposure can be targeted through timing of application and optimisation of application
according to the physico-chemical properties of the pesticide:

e Properties of pesticides, such as their soil-half life and water solubility, influence how much of
the pesticide will be lost with the timing of a runoff event.

e A number of studies have shown that the key periods of pesticide losses through surface water
runoff is 2—3 weeks after pesticide application where more than 10% of the applied active
ingredient can be lost (Davis et al. 2024 and references within).

e Diuron and imidacloprid are both considered to be persistent in soil with moderate water
solubility (Lewis et al. 2024). Reported field half-lives range from 146.6 to 229 days (diuron) and
174 days (imidacloprid) (PPDB), but these can vary depending on soil type (Shaw et al. 2013;
Davis et al. 2024).

e |tisrecommended that more persistent and mobile pesticides should be applied earlier in the
season to avoid rainfall runoff events, and switch to products with lower aquatic risk rankings
closer to wet season if applications are required.

e Soil characteristics (e.g., carbon content and moisture levels) and presence of crop residues can
also influence pesticides’ temporal behaviours. Soil type can influence the tendency of pesticides
to bind to soil particles and crop residues can increase the half-lives of some pesticides (Shaw et
al. 2013; Davis et al. 2024).

Localise efforts to reduce risk to waterways

The presence of high-risk areas within basins should not be overlooked simply because comprehensive
monitoring data is unavailable. Studies demonstrate that pesticide risk in waterways is closely linked to
areas of intensive pesticide application (Negri et al. 2024), regardless of end-of-catchment risk
classifications. For example, while the Daintree catchment shows very low pesticide risk at the end-of-
catchment monitoring site, sub-catchments containing areas of cropping exhibit substantially higher risk
levels. This pattern is likely repeated across other Wet Tropics catchments, where localised areas of
intensive pesticide use may create zones of elevated risk that are not fully reflected in end-of-catchment
monitoring data. Management strategies should therefore consider both end-of-catchment monitoring
results and land use patterns when identifying priority areas for pesticide reduction efforts.
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9.1.4 Current agricultural management practice adoption estimates

Extension has been reported as an effective instrument in helping to improve water quality in the GBR.
The implementation of the DPI (previously Department of Agriculture and Fisheries) extension
throughout the Wet Tropics was evaluated by Wegscheidl et al. (2015), who reported that 41% + 10% of
growers engaged in extension had made some form of practice change. In 2014, it was estimated that
64% of growers surveyed said they had made a change to their farming practices or business due to
some form of extension activities (Table 37). As another example, Di Bella et al. (2015) reported that
extension support was provided to cane growers as part of the Herbert Water Quality Monitoring
Program, leading to a shift in areas treated with surface application of nitrogen (shifting to subsurface)
from 78% to 38%. Further work by Royle and Di Bella (2017) found that at least a third of sugarcane
growers who had attended targeted extension and trials reported reduced N rates to equal or below the
6 Easy Steps program (6ES) (Coggan et al. 2024).

Management practice adoption data has not been formally reported as part of the P2R program since
2019, but is currently being collated and reviewed for the next Report Card. This information will be
incorporated into the Regional Prioritisation if it becomes available in time, which will provide an
indication of progress over the last 10 years.

Table 37. Area changed to best practice as a result of extension (from one step below in the P2R water quality risk framework)
(Source: Wegscheidl et al. 2015).

Basin New area (ha) managed under best practice

Soil Nutrient Pesticide
Mossman / Daintree 114 446 131
Mulgrave-Russell/Barron 2,498 2,746 804
Johnstone 758 862 253
Tully 498 478 160
Herbert 70 168 49

An evaluation of the Australian Government Reef Trust water quality investments by Alluvium (2023)
reported that within Reef Trust 1 in the Wet Tropics, many participating growers became project
advocates, sharing their knowledge with other growers through formal and informal mechanisms and
grower networks. Reef Trust 4 (Enhanced Efficiency Fertilisers), notes the inclusion of knowledge
generating activities such as shed meetings, farm tours, and drone training to enhance the capacity of
growers. Reef Trust Phase 5 (Sugar Research Australia farming practices) reported a perception that
landholders improved their skills and knowledge (Coggan et al. 2024).

Profitability is also important and should be included in adoption evaluation processes. The most cost-
effective water quality improvement practices may have substantial profitability implications for
landholders and may not represent the most profitable option for adoption. Consideration of
profitability of management change, in conjunction with social and other key drivers, may also offer
insight into landholder adoption rates (Bartley & Murray, 2024).

Integrated Pest Management (IPM) in several north east Australia grain, cotton and horticultural crops
(soybeans, strawberries) has benefited considerably through the increased adoption of new, more
selective insecticides and biopesticides, and the identification of pest—crop scenarios where spraying is
unnecessary and pest pressure is reduced through the conservation of natural enemies. However,
despite a desire to adopt IPM and many non-chemical management practices recorded across sectors,
the unpredictable nature of pest outbreaks and small profit margins have contributed to a high reliance
on chemical applications as the sole method for pest control in many crops. Few GBR catchment area
industries consistently or comprehensively use IPM. The underlying reasons for this lack of adoption are
multifaceted and likely reflect a continued desire for ‘simple’ technological solutions, short-term
planning horizons and a failure by researchers to demonstrate and communicate the benefits of more
integrated approaches (Davis et al. 2024).
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Sugarcane

Best management practices (BMPs) that are likely to be associated with net production benefits, and
that are likely to have higher adoption levels, include green cane trash blanketing (i.e., sugarcane is not
burnt prior to harvesting, and the green residue is left, unmanaged, on the ground after harvesting),
variety selection, soil health analysis, and nitrogen management. BMPs likely to be associated with net
production costs (where adoption may be more difficult to encourage) are sediment traps, precision
farming, controlled traffic and riverbank and streambank stabilisation (Bartley & Murray, 2024).

Management practice adoption targets were under review at the time of preparing this report, but
based on the most recent data from the 2019 Report Card data, by June 2019, 32.8% (59,505 ha) of
sugarcane land was managed using best practice systems for nutrients, 20.9% (37,948 ha) for pesticides
and 8.2% (14,935 ha) for soil in the Wet Tropics Region. On average, 20.7% of sugarcane land was
managed using best practice systems. From 2018 to 2019 there was an increase in the area managed
using best practice across all three management systems (nutrient, pesticide and soil management).
Nutrient management increased by 6.1%, pesticide management by 3.1% and soil management by 6.1%
(Australian & Queensland Government, 2021).

In 2019, particularly good results were observed in the Tully catchment where the area managed using
best practice for nutrients increased by 16.2%, in the Mossman catchment where the area managed
using best practice for pesticides increased by 22% and soil management by 15.5%, and in the Murray
catchment where the area managed using best practice for nutrients increased by 13.7% and soil
management by 11.9%. There were also significant reductions in the areas managed using high risk
nutrient management practices in all catchments since the 2016 benchmark. The reductions were 17.7%
in the Daintree, 15.5% in the Mossman, 13.9% in the Herbert, 10.6% in the Tully, 8.4% in the Murray,
7.1% in the Mulgrave-Russell, 6.7% in the Johnstone, and 5% in the Barron (Australian & Queensland
Government, 2021).

Farm size is a good indicator of the likelihood of adoption of better management practices, with a close
correlation between larger farms and higher levels of practice. Information on farm size was collated for
the Wet Tropics WQIP (Terrain NRM, 2015). At that time (2013 data), the Tully-Murray and Daintree-
Mossman basins had the greatest proportion of large farms (>200 ha). The greatest proportion of small
farms (<100 ha) were in the Johnstone (26%) and Barron (23%) basins (Table 38). This data is also useful
for informing the choice of delivery mechanisms for management practice improvement in each basin
and therefore should be updated. For example, basins with a high number of small farms will require
additional extension effort combined with water quality grants, while large farms should benefit from
targeted extension and training activities alone, due to better economic viability of improved practice
adoption (Terrain NRM, 2015).

Bananas

There is still a need to demonstrate the profitability of environmental BMPs to encourage widespread
industry adoption of environmentally sustainable practices (Bartley & Murray, 2024).

By June 2019, 77.9% (10,816 ha) of banana land in the Wet Tropics was managed using best practice
systems for nutrients, 62.3% (8,642 ha) for pesticides and 56.2% (7,799 ha) for soil. On average, 65.4% of
banana land was managed using best practice systems in the Wet Tropics. From 2018 to 2019 there was
a 1.7% increase in the area managed using best practice for nutrients, a 0.5% increase for soil and no
increase for pesticides. Particularly good results were observed in the Johnstone catchment with the
area managed using best practice for nutrients increasing by 4.5% and by 1.2% for soil management
(Australian & Queensland Government, 2021).
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Table 38. Adoption of C and D class practices in sugarcane in the Wet Tropics Region, and average farm size as at 2013 (Source:
Sing & Barron, 2014). The shading represents the highest (dark green) and second highest (light green) rankings in the Region
(Source: Terrain NRM, 2015).

Proportion Total % of area with small % of area with % of area with large
managed area (ha) farms <101ha medium farms farms >200ha
atCorD of CorD 101ha-200ha

class class % of area % of % of % of % of area % of
practice practices  at each farmers area at farmers at each farmers

(based on farm size each farm size

ha)* % farm size
Daintree- 82% 4,715 13 40 37 50.5 24
Mossman
Barron 53% 2,107 23 46 33 35 44 20
Mulgrave 57% 3,985 18 46 33 31 49 22
Russell 4,596
Johnstone 66% 10,341 62 25 23 48 15
Tully-Murray 60% 15,984 8 36 15 23 -I

Herbert 41% - 13 38 28 35 59 28

*Note these areas of adoption are sourced from Reef Rescue data for the Wet Tropics region which only covers 86% of the total
regional sugar cane area.

Horticulture

By June 2019, 17.2% (1,095 ha) of horticulture land in the Wet Tropics was managed using best practice
systems for nutrients, 76% (4,836 ha) for pesticides and 26.4% (1,677 ha) for soil. On average, 39.9% of
horticultural land was managed using best practice systems. From 2018 to 2019 there was no reported
increase in the area managed using best practice for nutrient, pesticides or soil management (Australian
& Queensland Government, 2021).

Mixed cropping

The area of mixed cropping land uses in each of the Local Government areas is shown in Table 39. The
benefits of cropping best practice such as controlled traffic and zero tillage have been demonstrated
repeatedly, including improved economic viability, across different soils and mechanisation systems.
However, adoption of new practices appears to have been related to practical and economic
considerations and proved to be more profitable after the findings from focused research and
development (R&D) were implemented (Bartley & Murray, 2024).

Table 39. Summary area at the commodity level for mixed crops in the Local Government Areas of the Wet Tropics Region.

LGA Avocado Mango Citrus Macadamia Banana
Mareeba 2662 2816 1691 69 1273
Cassowary 36 36 39 20 8330
Coast
Tablelands 2479 84 97 20 957
Cook 76 16 6 0 653
Douglas 3 36 9 0 0
Cairns 0 5 16 0 1016
Grazing

The 2019 Report Card results for best management practice adoption within the grazing industry in the
Wet Tropics were exclusively based on the Herbert basin. By June 2019, 3.2% (25,105 ha) of grazing land
in the Herbert basin was managed using best practice systems relating to gully management, 20.9%
(162,184 ha) relating to pasture management and 82.9% (70,523 km of streambank) relating to
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streambank management. On average, 35.7% of grazing land was managed using best practice systems
(Australian & Queensland Government, 2021).

From 2018 to 2019 there was no increase in the area managed using best practice for gullies, a 0.1%
increase for pasture management and no increase in the length of streambanks managed using best
practice (Australian & Queensland Government, 2021).

9.2 Urban and Non-agricultural management practices

Effective urban water quality management requires a combination of structural and non-structural
approaches tailored to the Region’s specific challenges. Non-structural approaches to manage urban
nutrient, sediment and pesticide contributions include policy reforms, urban planning regulations and
compliance and these approaches appear to be most effective when applied as part of an integrated
system (Waterhouse et al. 2024b). Structural measures involve engineered solutions such as constructed
wetlands, biofilters, vegetated swales, and stormwater treatment trains designed to intercept and treat
stormwater before it reaches waterways, as well as simpler approaches such as the maintenance and
enhancement of vegetation around existing riparian zones to mitigate the impacts of stormwater runoff
(Thorburn et al. 2024; Waterhouse et al. 2024b). Constructed wetlands have been used in urban settings
to facilitate denitrification, removing excess nitrogen from runoff. Biofilters, which use vegetated soil
filtration systems, have been extensively used outside of the GBR, and demonstrate considerable
potential for nutrient removal in tropical climates when properly designed and maintained, including
evidence of increased nutrient removal efficiencies over time (Thorburn et al. 2024).

For sediments, gross pollutant traps (GPTs) and sediment basins are essential components of urban
stormwater infrastructure, preventing large debris and sediments from entering aquatic ecosystems
(Thorburn et al. 2024). The most efficient and economic soil erosion control strategy on roadsides is
revegetation, however, fine sediment will be very difficult to remove using vegetated filter strips alone,
and there is a need to reduce sediment generation, prevent flow concentration and discharge runoff as
high as possible in the landscape (Bartley & Murray, 2024). Best practice road construction is a more
cost-effective solution in the first place, and recent work in the Annan and Endeavour basins of Cape
York has identified the most effective solutions, however, this is yet to be published and will be
incorporated in the Regional Prioritisation where relevant when it becomes available.

In addition to grazing lands in the Upper Herbert, significant amounts of sediment come from the
overburden piles and tailings dams that are the legacy of tin mining (Little, 2014). Fencing and
engineering works may be required in these sites, due to their degraded nature and potential impacts.
Unlike gully remediation, which can be expensive, fencing of tailing piles and degraded areas may have
more chance of success in this case especially if, without intervention, further degradation could lead to
significant impacts (Terrain NRM, 2015).

Point source pollution management focuses on upgrading STPs to improve nutrient removal efficiency
and expanding wastewater reuse initiatives. Ramsay et al. (2024) reviewed STP practices to identify
leading environmental management practices that could be applied to the GBR catchments and found
that while high levels of nitrogen removal were reported at many STPs, there was considerable scope to
improve the percentage of wastewater reuse, an opportunity also recognised by Thorburn et al. (2024).
Factors influencing wastewater reuse include land availability, treatment costs, infrastructure
investment, and seasonal variations in demand. The large-scale agricultural reuse operation in Mackay
was used as an example that could be explored in other regions (Ramsay et al. 2024). Increased
investment in advanced treatment technologies, such as membrane filtration and nutrient recovery
systems, could also enhance urban water quality outcomes in the Region (Thorburn et al. 2024).

For non-agricultural lands, pesticide management options largely rely on non-structural controls such as
regulations, and improved wastewater treatment processes (e.g., membrane bioreactors, reverse
osmosis). The emergence of significant pesticide resistance across multiple industries has started to
cause considerable changes in pesticide use and other alternative pest control measures (Davis et al.
2024; Waterhouse et al. 2024b).
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Strategic urban water management requires the prioritisation of high-impact catchments where targeted
interventions can yield the greatest water quality benefits. An assessment has recently been completed
by the Queensland Government and is due for release during 2025. Strengthening local governance,
integrating urban water stewardship into regional planning, and fostering partnerships between councils,
developers, and community groups will be crucial for sustaining progress towards Reef 2050 WQIP
Targets. Additionally, capacity-building programs aimed at educating urban planners, developers, and
residents on best practice water management can help drive long-term behavioural change and enhance
water quality outcomes across the Wet Tropics Region.

9.3 Systems Repair

Systems repair is defined in the Whole-of-System Values-Based Framework as “improving processes or
components of an ecosystem to a desired state that will deliver agreed ecosystem services and values,
primarily through natural means”3*. Systems repair management options are relatively low risk
compared to engineered solutions such as large-scale gully remediation or streambank rehabilitation,
but must consider connections to other systems and processes. These options might be adopted in
instances where the ecosystem may be able to repair itself or do so with minimal engineering. In many
cases systems repair requires reinstating or improving vegetation cover (e.g., through natural
regeneration or active revegetation), removing some of the pressures on the system or changing minor
hydrological flows (e.g., barrier removal).

This section is focused on systems repair in freshwater wetlands, in the context of the role of wetlands in
water quality improvement. System repair activities such as riparian revegetation and small-scale gully
management are already incorporated into the P2R Water Quality Risk Frameworks identified above.

9.3.1 Wetland systems

The 2022 SCS reviewed the role of natural/near-natural wetlands and constructed / treatment wetlands
in water quality improvement in the GBR (Star et al. 2024a; Waltham et al. 2024). The review was further
expanded in Waterhouse et al. (2024c). These reports built on the extensive information available on
Wetland/nfo. The evidence shows that “natural/near-natural and constructed/treatment wetlands can
be effective in water quality improvement in certain conditions, however, it is crucial to equally prioritise
wetland health, intrinsic values and the ecosystem services that natural/near-natural wetlands provide”.
The report evaluated the ability of several wetland and treatment systems to reduce pollutants and the
key findings are directly extracted from Waterhouse et al. (2024c) below.

Natural and Near-Natural Wetlands

e Global evidence shows that natural and near-natural wetlands, which include lacustrine, palustrine,
and riverine wetlands, are typically more effective at nutrient and pesticide removal than
constructed or restored wetlands, and that sediment is often retained in wetlands but can be
remobilised in large flow events.

e Their performance depends heavily on hydrological factors including residence time and flow,
vegetation cover, pollutant concentrations and loading rates which influence rates of denitrification.
High denitrification rates can lead to high removal of nitrogen, particularly in first flush events. Only
a few studies in the GBR have measured denitrification rates in palustrine and lacustrine wetlands.

e The review of global studies suggests that natural wetlands can remove nitrogen at efficiencies of
63% and phosphorus at efficiencies of 75%, and near-natural wetlands at efficiencies of 34% for
nitrogen and 54% for phosphorus, although this varies across different wetland systems and
environmental conditions. These rates refine the findings of the 2017 SCS and are now supported by
a much larger evidence base.

e There is limited evidence about the effectiveness of sediment processing in natural and near-natural
wetlands, with some trapping occurring, although sedimentation can cause shallowing and infilling

34 https://wetlandinfo.des.qld.gov.au/wetlands/management/rehabilitation/rehab-process/step-4/systems-
repair.html
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of natural wetlands compromising wetland values. There are very few studies for pesticides globally
and there are no studies that measure pesticide/herbicide removal in GBR wetlands, only studies
that measure in situ concentrations. However, the potential negative impacts of pesticides on
wetland ecosystems are an important consideration.

Constructed/Treatment Wetlands

e Generally, constructed/treatment wetlands are effective in nitrogen removal if appropriately
designed and built, with effectiveness increasing over time if the system is properly maintained.

e Constructed wetlands in the GBR catchment area have demonstrated nitrogen removal rates
ranging from -5% to 90%, depending on design, vegetation, and inflow concentrations. Studies have
demonstrated that constructed wetlands with higher vegetation cover (which promotes
denitrification) and optimised hydrology perform better.

e There is more confidence in the evidence about the effectiveness of treatment wetlands than other
wetland systems due to the higher number of studies (including in the GBR) and the fact that
measuring removal efficiencies in constructed systems is more straightforward than in natural
wetlands.

e Bioreactors, which use organic materials like woodchips to enhance microbial nitrogen removal,
have demonstrated significant potential in agricultural settings when effectively designed and
strategically placed. For instance, studies in the GBR have shown that bioreactors can remove up to
80% of nitrogen, with performance largely dependent on nitrate concentration, subsurface flow
pathways and water flow rates. However, challenges related to design (including placement in the
landscape) and maintenance can impact their overall effectiveness. There were limited studies that
reported removal efficiencies for total phosphorus, sediments, and pesticides.

e Although less studied in the GBR, stormwater wetland systems in urban areas have shown global
success in treating runoff when properly designed and maintained. These systems are particularly
effective in removing coarse sediments and nutrients from urban stormwater.

The review also considered factors that influence pollutant removal efficiency. These included the
hydrological characteristics (water flow and residence time), presence of vegetation, type and density,
pollutant concentrations and loads, wetland configuration, climate and seasonal variability,
biogeochemical processes, and the need for ongoing and long-term management of natural wetlands
and maintenance of treatment systems. While the importance of these factors varies between different
wetland and treatment systems, hydrology and vegetation are key drivers to pollutant processing in
most systems. The performance of treatment systems in water quality improvement depends on careful
design, ongoing maintenance, and integration within the broader landscape and management of natural
wetlands and their surrounds. Other pollutants, such as pesticides and sediment can be reduced within
wetland systems, but can cause negative effects such as vegetation loss, siltation and impacts on
biological communities.

The 2022 SCS highlighted that wetland rehabilitation projects can come with significant costs, influenced
by factors such as hydrology, location, and design requirements (Star et al. 2024a). International studies
highlight key cost drivers for wetland construction and rehabilitation, including design, construction, and
ongoing maintenance. Understanding these cost drivers is crucial to designing effective and sustainable
wetland projects, particularly with regard to incentivising landholder participation and ensuring long-
term sustainability. Key considerations for assessing cost-effectiveness of projects and programs include
initial construction and design, maintenance and monitoring, and economic and environmental co-
benefits.

9.3.2 Fish barrier removal or modification

Many fish species spend part of their lifecycle in freshwater ecosystems and migrate to coastal and
marine environments. Fish populations are impacted by human activities, including degraded water
quality, in their natural environment creating barriers to key ecological processes. More specifically, fish
migration and dispersal are important natural ecological processes driving distribution and abundance
for many populations, and yet, these natural processes are impacted upon by fish barriers (Eikaas &
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Mclntosh 2006; Agostinho et al. 2007). Restoring natural migration patterns and habitat connectivity is
essential to promote optimum dispersal and to maintain the viability of populations in freshwater,
coastal and marine environments (Bunn & Arthington 2002).

Fish barriers and their impacts can be broadly categorised into four distinct groups including physical
(e.g., dams, weirs, weed chokes and tidal barrages); hydrological (e.g., fast flowing water), chemical (e.g.,
poor water quality such as low dissolved oxygen or high acidity); and natural (e.g., natural landscape
features such as mountain ranges and waterfalls).

Fish passage devices, commonly referred to as fishways, are built to allow individual fish to move
upstream and downstream by attempting to recreate natural hydrological conditions or modify
hydrological conditions to a more tolerable level. By re-altering hydrological conditions to tolerable
levels, it is possible for fish to access habitats previously made inaccessible by human activities (e.g., road
construction). This can be achieved by using a variety of methods and approaches including vertical slot
fishways, pool and weir methods, fish lifts / locks, rock ramps and trap-and-transfer methods.

9.4 Opportunities for integrating aquaculture systems

Expanding nature-based aquaculture treatment systems such as constructed wetlands, macroalgal
raceways, and shellfish filtration units offers substantial potential for nutrient reduction, biodiversity
enhancement, and carbon sequestration within GBR catchments (Adikari 2025). These systems utilise
biological processes to remove dissolved nutrients and suspended solids while delivering secondary co-
benefits such as habitat creation and carbon storage (Vymazal, 2011). Constructed wetlands and algal
biofilters in existing prawn farms have demonstrated 60—90 % reductions in total nitrogen and TSS,
confirming their value as scalable, low-cost water-quality interventions. Integrating these systems into
regional planning could help Queensland meet water quality targets while supporting nature-positive
industry growth.

There is also increasing recognition that aquaculture can serve as a functional nutrient sink within
broader catchment nutrient budgets. Integrating aquaculture systems such as seaweed, shellfish, and
integrated multi-trophic aquaculture (IMTA) into landscape-scale nutrient- management frameworks
provides a mechanism for nutrient interception and recycling at the interface between agricultural and
coastal environments (Tabrett et al. 2024). Aquaculture ponds, constructed wetlands, and macroalgal
raceways can operate as engineered nutrient- recovery nodes, complementing existing agricultural best-
management practices. Pilot projects in the Wet Tropics and Burdekin regions have shown that these
systems can simultaneously reduce nutrient loads and create productive biomass streams for reuse as
biofertilizer or feed ingredients (Tabrett et al. 2024). Evaluating and scaling such integrated systems
could facilitate their inclusion in Reef Credit markets and Reef Trust nutrient-offset schemes, positioning
aquaculture as a proactive partner in nutrient recovery and circular-economy outcomes (Queensland
Government, 2024b).

Aquaculture species such as seaweeds and shellfish can also play vital roles in supporting coastal
ecosystem restoration and improving water quality across the GBR catchments. These species naturally
filter or absorb nutrients, enhance water clarity, and create habitat structures that benefit seagrass,
mangrove, and estuarine faunal communities (Humphries et al. 2016).

Macroalgal biofilters notably Ulva ohnoi and Gracilaria spp. efficiently assimilate DIN and phosphorus
under warm tropical conditions, making them ideal for polishing aquaculture effluents. Trials in northern
Queensland demonstrated that Ulva ohnoi raceways connected to prawn ponds achieved consistent DIN
uptake while producing commercially valuable biomass suitable for aquafeed and soil conditioners
(Tabrett et al. 2024). Proper management of hydraulic residence time, water depth, and harvest
frequency maintains nutrient-limited growth and avoids self-shading, even under wet-season conditions
(Ben-Ari et al. 2014). Similarly, integrated seaweed—shrimp systems in tropical Asia have shown stable
nutrient reduction and productivity under monsoonal cycles, indicating strong applicability in the GBR
context (Huong et al. 2025).
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Shellfish biofilters, particularly the tropical Blacklip Rock Oyster (Saccostrea lineage J), also contribute to
ecosystem restoration by filtering suspended particles and phytoplankton, thereby enhancing light
penetration and stimulating benthic denitrification in surrounding sediments (Rennie et al. 2024).
Controlled laboratory and pilot-scale trials have achieved up to 95 % reductions in suspended solids and
measurable decreases in nitrogen and phosphorus concentrations when oysters were stocked in
aquaculture effluent channels. Harvesting one tonne of oysters removes approximately 1.2 kg N, and
scaling to commercial production (= 5,081 tonnes/year, could offset around 6 % of total aquaculture-
derived nitrogen loads in GBR catchments (Rennie et al. 2024).

By combining these extractive species in aquaculture designs, farms can act as functional habitat and
nutrient-recovery nodes that strengthen coastal ecosystem resilience and complement catchment
restoration programs. Integrating seaweed and oyster culture into existing treatment trains alongside
settlement basins and wetlands offers practical, evidence- based solutions to reduce pollutant loads and
enhance biodiversity at the land—sea interface (Tabrett et al. 2024).

The most significant water-quality improvements can occur when multiple biofiltration components are
combined into a broader treatment train and, where feasible, linked with recirculating aquaculture
systems (RAS) to suppress routine discharges and concentrate wastes for efficient downstream polishing
(Van Rijn, 2012). On-farm Integrated Multi-Trophic Aquaculture (IMTA) configurations such as prawn or
barramundi ponds connected to settlement basins, constructed wetlands, Ulva/Gracilaria raceways, and
oyster racks can intercept and process water flows before release (Nederlof et al. 2022). Within these
modular systems, ponds and basins capture particulates, wetlands promote microbial transformation of
oxidised nitrogen, macroalgae assimilate residual DIN during growth, and oysters polish suspended
particles while stimulating benthic denitrification, effectively stacking removal pathways across seasons
and harvest cycles.

Globally, IMTA designs have been shown to reduce nutrient discharge, diversify production, and increase
resilience to both environmental and market variability (Khanjani et al. 2022). In tropical aquaculture
settings, positioning Ulva raceways downstream of wetlands or basins enhances DIN uptake, while
bivalve filtration units such as oyster racks reduce turbidity and suspended solids during peak discharge
events (Nederlof et al. 2022). Applying these integrated concepts to the GBR catchments particularly in
the regions where sediment and nutrient loads are highest can create co-benefits for farm productivity
and downstream ecosystem health. For example, improved sediment retention through basins or
wetlands before adding macroalgal and shellfish polishing units can provide an important role for
systems in the Wet Tropics Region.

9.5 Estimated costs of management actions

There is high variability in the cost-effectiveness of practices at the farm/project scale which is driven by
several factors including a wide range of different practices and economic returns, location within the
landscape and factors relating to pollutant mobilisation and delivery (Waterhouse et al. 2024b).

9.5.1 Cropping land uses

Sugarcane

For nutrients, while reducing N fertiliser applications to sugarcane crops is the clearest path to reducing
DIN discharges from these lands, the effects of ‘moderate’ (e.g., 20%) reductions of N from historical or
recommended rates on productivity and thus economics are uncertain, ranging from non-existent to
statistically significant reductions. The uncertainty about the economic outcomes of moderate
reductions in N applications limits our knowledge about the cost effectiveness of this DIN reduction
strategy (Thorburn et al. 2024). For instance, Wang & Reeves (2020) conducted experiments (i.e., Wet
Tropics sites included Innisfail, Tully, and Herbert regions) over three sugarcane ratoon cane crops, with
trials including treatments with urea-N applied at rates 25—-40% above and below 6ES guidelines.
Generally, gross margins in the different treatments were not significantly different, with some
exceptions: The gross margin of the high N rate treatment was significantly greater than both the 6ES
and lower N rate treatment at one site (Lannercost) in the Herbert in one season. The gross margin of
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the lower N rate treatment was also significantly greater than the 6ES treatment and similar to the high
N rate treatment at the second (Lilypond) site in the Herbert in one season (Thorburn et al. 2024).

Harvey et al. (2016a) also reviewed grower partial net returns from sugarcane nutrient rate strip trials
that compared the results of 6ES treatments with 1) growers’ conventional N applications; 2) rates from
a traditional recommendation system (superseded by 6ES); and/or 3) N replacement treatments (i.e., N
rates for treatment (1) and (2) were most likely higher than 6ES rates, and most likely lower in treatment
(3)). For the majority of trials average grower partial net returns were higher for the 6ES treatments than
the grower/traditional treatments, with a few exceptions located in the Wet Tropics, including two of
nine sites in the Johnstone (Brosnan and Mundoo) and three of four sites in the Tully (Murray, Euramo,
Riversdale) region. Average grower partial net returns were higher for the 6ES than N replacement
treatments, although it was also noted that yields with N replacement may increase relative to
conventional N applications through successive crops. Overall, it can be concluded that changing applied
nutrient rates from those based on old industry recommendations to those based on the 6ES method
provided both economic and overall water quality benefits (in terms of total DIN reduction related to
runoff and leaching based on farm gate paddock estimates); and while changing nutrient rates from
those based on the 6ES method to those based on the N replacement method provided water quality
improvements in the Wet Tropics Region, such changes resulted in lower gross margins, meaning that
the changes came at a cost to farmers (Thorburn et al. 2024).

The variation (heterogeneity) in cost estimates and farm gross margins between regions and (to a lesser
extent) across farm sizes, indicates that a single representative farm model is likely to misrepresent the
actual financial-economic consequences of changing management. These models are best used to
estimate the range of outcomes. For example, a modelling study by Star et al. (2018) assessed changes in
D to C management and C to B management on fine sediment loss in sugarcane areas, reporting that TSS
reduction can range between 62% and 95% depending on the Region. Median estimates for the cost of
reducing TSS in sugarcane were reported as ~$44/t in the Wet Tropics and $91/t in the Mackay
Whitsunday Region (Bartley & Murray, 2024). Another review by Star et al. (2021) found that that the
cost-effectiveness of moving from medium- to low-risk nutrient management was also very
heterogeneous, with costs ranging from <$100 ha™ to >$500 ha, mostly due to the differences in the
practices that needed to be changed to reduce risk, the ease with which the transition could be made,
and farm size. Better recognition of these factors will improve understanding of the cost-effectiveness of
achieving improved water quality (Thorburn et al. 2024).

A recent economic evaluation of sugarcane management practices that improve water quality
(Thompson et al. 2024b) identified that whole system changes for DIN management between ‘high water
quality risk’ (H) practices to moderate risk (M) (including H to M nutrient, pesticide, soil and irrigation
changes), M to ‘moderate-low’ (ML) irrigation changes and mill mud changes (discounting fertiliser for
nutrients in mill mud) generated improved profitability across the representative farms in all districts,
including a case study in the Tully basin (Table 40). In contrast, M to ML nutrient changes were found to
reduce grower profitability and moderately improved annual DIN abatement (per ha). Incentive
programs such as Reef Trust, Reef Credits and Complete Nutrient Planning for Cane Farmers (RP161c)
may offset these costs. The ML to ‘low’ (L) nutrient changes delivered the least DIN abatement out of the
management changes and considerably reduced grower profitability at farms. However, there are
opportunities with using the full SIX EASY STEPS guidelines and the SIX EASY STEPS Toolbox (accounting
for other sources of nitrogen and enhanced efficiency fertilisers) (Thompson et al. 2024b).

In relation to sediment abatement, the H to M whole system changes generated the largest annual
economic benefit and moderate to high sediment abatement (Table 40). Information on management
practice adoption suggests that moderate risk soil management is already being implemented across
most of the area in the Tully basin. Therefore, there is a small residual amount of additional abatement
that can be derived in this district from H to M changes. The M to ML soil changes provided moderate to
high sediment abatement but delivered relatively small annual economic benefits where GPS was
already owned, which may constrain adoption. The ML to L soil changes delivered high abatement at the
Tully farm, although it had a small annual cost (Table 40) (Thompson et al. 2024b).
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In relation to pesticides, the H to M whole system changes generally delivered the largest annual
economic benefit and a moderate amount of relative herbicide toxicity abatement (Table 40). Moderate
pesticide management is already being implemented across the Tully district so only a relatively small
amount of additional abatement can be derived from H to M changes. In comparison, M to ML pesticide
changes generated the largest annual abatement (per ha) but annual economic benefit was small and
assumed GPS was already owned. Consequently, incentives would likely be essential to boosting
widespread adoption. The ML to L pesticide changes should be lower priority given they reduced grower
profitability on the study farms and delivered the least abatement (per ha) out of the management
changes (Table 40). Despite the variability in economic returns in the assessment of cost-effectiveness of
pesticide management in agricultural industries, Davis et al. (2024) also concluded that for sugarcane,
progressing from traditional to industry standard herbicide management is generally profitable across
sugarcane districts.

Other crops

There is a lack of information on effectiveness of practices for reducing discharges of DIN in crops other
than sugarcane and dissolved P for all crops, which limits our knowledge about the cost effectiveness of
managing these pollutants (Thorburn et al. 2024). In bananas and horticulture, for instance, there is still
a need to demonstrate the profitability of environmental BMPs to encourage widespread industry
adoption of environmentally sustainable practices. Several studies suggested that larger improvements
in runoff water quality in horticulture and bananas are accompanied by crop yield reductions to the
point that it may not be commercially viable to farm these products in some areas. This is, however,
based on market prices at the time of the studies and does not consider more recent environmental
markets and premium product pricing (e.g., low input organic products) (Bartley & Murray, 2024).

In the Wet Tropics, a bioeconomic modelling study was undertaken on the impacts of various practice
changes on costs and water quality in banana crops for two representative soil types (Dermosols and
Ferrosols) and three representative farm sizes, in the Tully and Innisfail regions (Holligan et al. 2017). The
study considered various practice changes relating to crop removal, tillage, ground cover, water control
structures, nutrient rates, nutrient application and irrigation. The water quality modelling results found
that for the practice changes considered, reducing fertiliser rates was the single most important driver of
DIN abatement and resulted in substantial economic benefits (if yields did not decrease). For the
Ferrosol soils for example, there was up to 32.2 kg N ha yr! reduction in DIN discharge if N applications
were reduced from 450 to 250 kg yr!, which accounted for 88% of total DIN reduction. Improved
irrigation practices also provided positive economic benefits around $228 ha yr? shifting from D to C
class (Dermosol) on all farm sizes and up to $854 ha yr! for shifting to B class (Ferrosol) on small farms.
Converting to a fully automated irrigation system (changing from C to B) delivered the second highest
annual economic benefit among the B level practices (among nutrient, fallow, ground cover and water
control structures) for Dermosol and Ferrosol soils. However, there has been insufficient field research
on the effect of various practice changes modelled for banana production to accurately define the
production implications for some of the modelled changes (Thorburn et al. 2024).

Holligan et al. (2017) also considered changes in applied N rates to bananas in the context of broader
nutrient management practice changes. For example, reducing N rates from 450 to 350 kg yr! applied as
granular fertiliser, increasing the frequency of fertiliser applications, and increasing soil testing (together
described as a shift from D to C category) had the most positive impact on gross margins on both soils at
all farm sizes. A further change that included applying 250 kg N yr%, additional soil testing and applying N
through irrigation (rather than granular fertiliser) for 9 months/year (described as a shift from C to B
category) was not as profitable (Thorburn et al. 2024).
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Table 40. Investment, water quality and cost-effectiveness results (Tully 150 ha, most likely scenario) (Source: Thompson et al. 2024b).

CAPEX AFGM NPV AEB IRR Paybu?ck Breakeven ABATEMENT COST EFFECTIVENESS _
Water Quality Risk period CAPEX DIN RelHerb Tox Sedimernt DIN RelHerb Tox  Sediment
$ Shalyr Sha $halyr % yrs 5 kg/halyr Salyr thhalyr Wkglyr %y Bitfyr
MNutrient management changes only
Moderate to Moderate-Low" $29,500 -§65  -5636 -590 Noreturn No payback -$68,837 34 nfa na $27 n‘a nia
Moderate to Moderate-Low” (buy GPS) 69,955 -§8b  -38768  -$125 Noreturn No payback 568,837 34 nia na 537 na nia
Moderate-Low fo Lowest™ $3500 -3169 -51,210 -$172 Noretun MNopayback -5178309 1.6 nia n/a $109 n‘a nfa
Moderate to Lowest® (buy GPS) $73,455 -5225 52022  -§288 MNoretun Nopayback -5237366 57 nla na $50 na nla
Pesticide management changes only
Moderate to Moderate-Low" $9.091 574 $463 $66 119% 1 566,417 n'a 29% nfa nfa  Net benefit nfa
Moderate to Moderate-Low* (buy GPS) $49 546 §/4 21 531 19% 6 $86,417 na 29% nfa nfa  Net benefit nla
Moderate-Low o Lowest™ 51,050 -$14  -§105 -515  Noretun No payback -$14,.868 na 3% na nfa 35 nia
Moderate to Lowest" (buy GPS) $50,596 59 5115 516 13% 3 $69, 737 na 32% nfa nfa  Net benefit nia
Soil management changes only
Moderate to Moderate-Low* $96,891 5139 $356 $56 15% 8  5163.081 0.5(0.2) nfa 3(2.8)  Netbenefit nfa  Net benefit
Moderate to Moderate-Low* (buy GPS) $137,346 5139 $154 522 10% 10 $163,061 0.8(0.2) nfa 3(2.8)  Netbenefit nfa  Net benefit
Moderate-Low fo Lowest™ 5,000 -59 -592 -513  Noreturn Mo payback -59,368 -0.8 n/a 31 nfa n'a B4
Moderate to Lowest® (buy GPS) $138,8485 §129 §76 $11 8% 10  $151,590 0{-0.86) nfa  6.1(58) Netbenefit n/a  Net benefit
MNutrient, pesticide & soil changes
High to Moderate 0 529 $202 §29 o 0 533,708 7.8 T% 30 Netbenefit MNetbenefit Net benefit
Moderate to Moderate-Low (buy GPS) $175937 14 -564 -§9 6% MNopayback  $165327 39(34) 29%(29%) 33(3.1) 52 (53) $0 (30) $3 (83)
Moderate-Low to Lowest $9550 -3193 -51411  -5201 Noretun WNopayback -5203 141 07 3% 32 2T 67 $63
Moderate to Lowest (buy GPS) $181,987 -§A7  -51417  -3202  Noreturn No payback -$49,053 46(4.2) 32%(32%) 65(6.2) 544 (548) $6 (56) $31($33)
Mill Mud
No discounting to nutrient discounting” (100t'ha) 50 5125 5875 5125 o 0 $146,061 T nfa 0.1 Net benefit n'a  Net benefit
No mud to 100tha mud* (nutrients discounted) 50 551 $356 551 = 0 $59.442  -21(-16.3) nia -1.1(-0.7) nfa n'a na
No mud to 100tha mud® (no discounting) B0 -7 -§329 -547  Noreturn 0 -$49.289 -28.3 (-22.6) nla -1.2(-0.8) nfa n'a nfa
100t'ha mud to 70¥ha® (nufrients discounted) 50 -52 -$17 -52  No return 0 -52.478 79(6.1) na 0.2(0.1) 50 (50) n/a $13 (521)
100tha mud to T0tha® (no discounting) B0 520 §138 520 w 0 $23,039 10.4 nla 0.2 Net benefit n'a  Net benefit

Numbers in brackets account for the transition time.  *Other management remains moderate.  **Other management remains moderate-low.
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9.5.2 Cost effectiveness of Reef Trust projects

The Alluvium (2023) analysis of the Reef Trust interventions assessed sugarcane focused interventions
over the course of Reef Trust investment phases | to VII. Results relevant to the Wet Tropics are provided

in Table 41, with cost effectiveness ranging from $49/kg of DIN removed through to $554/kg of DIN

removed (Coggan et al. 2024).

Table 41. Summary of effectiveness from the evaluation of Reef Trust (from Alluvium, 2023).

catalyst revamp - Updated
farm management practices
(WT, B, MWS)

(S provided to
support trials)

Reef Trust Intervention Instrument Reef Trust | Pollutant Cost effectiveness **
investment | reduction*
Phase 1. (1.01) Reef Trust Competitive $1,704,313 31,167 kg of $49/kg DIN (based on
Tender Wet Tropics tender financial DIN strong level evidence)
instrument
Phase Ill = (3.01) Project Extension/trials | $3,000,000 | 12,906 kg DIN $208/kg (based on

average level of
information)

Phase Il — (3.02) Reef Extension $17,574,999 | 148,541 kg DIN | $106/kg (based on
Alliance average quality
information)

Phase IV — (4.01) repeated Competitive $6,719,020 | 76,764 kg of $77/kg (but based on

tender Wet Tropics tender financial DIN poor quality of
instrument information)

Phase IV - (4.03) EEF cane Trials Unknown unknown

farmer trials

Phase V - (5.01) Project Extension and $4,520,780 52,532 kg of No cost-effective figure

Uplift farming systems (WT, | financial DIN but considered a strong

B, BM) incentives performance

Phase V1 —(6.01) Complete | Extension $5,700,000 | 5,175 kg of DIN | $554/kg (based on

Nutrient Care, delivering building on RP moderate information)

tailored solutions 161

* Alluvium (2023) highlight assumptions and other factors that influence the quality of the data used in load
reduction estimate. These need to be considered when interpreting effectiveness.
** This value is not just a simple calculation of tonnes saved by dollars spent due to how present value was

included in the calculation.

9.5.3 Systems repair

The summary of a cost-benefit analysis of treatment systems compiled by Griffith University’s Dr Jim
Smart (Cost-effectiveness analysis of nitrate removal by constructed treatment wetlands, bioreactors and
vegetated drains: Wet Tropics Major Integrated Project June 2021) is presented in Table 42. In summary,
the findings suggest (Terrain NRM, 2021):

e The analysis of catchment repair interventions has identified vegetated drains as a feasible
treatment solution due to their preliminary performance and the number of existing systems in
the landscape which can be managed to return a positive water quality benefit.

e Drain management needs further investigation to develop in collaboration with key landholders
a standardised management practice to retain the beneficial properties of vegetated treatment
systems.

e Wetlands as catchment repair interventions perform well and should be investigated further to
identify ways to reduce construction or embellishment costs during establishment, potentially
encouraging growers to adopt this practice for areas of unutilised land.
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Table 42. Annual nitrate/DIN load removals and cost-effectiveness of removal for nominated Wet Tropics MIP treatment systems (evaluated for an operational lifetime of 15 years) (Source: Terrain

NRM, 2021).

Annualised Equivalent Annual Cost-effectiveness of Annual Cost-effectiveness of

Total Present Value

Technology Type

Location

(PV) Cost

Present Value Cost

($/year)

nitrate
load

nitrate removal ($/kg

nitrate removed)

DIN load
removal

DIN removal ($/kg

removed)

Description At 5% At 7% At 5% At 7% removal At 7% ke/year) FN&F At 7%
m2 discount |discount |discount |discount (kg/yr) discount discount discount
rate rate rate rate rate rate rate

LW01 |Wetland Landscape Tully 85,000 |453,206 (445,039 |43,663 48,863 31

cwop |Wetland Johnstone |3,000  |31,665 [29,631 |3,051 3,253
Small embellishment - - -

CwWo02 LT lohnstone | 14,000 177,656 (174,655 |17,116 19,176 1373 12" 14
Large embellishment ! ! ! ! ! 775" 22" 25"
Wetland o

CwWo02 ! . lohnst 14,000 177,656 (174,655 |17,116 19,176 1825 9 11
Large embellishment onnstone 1569 11 12

CWO03 |Wetland, Formal construction | Tully 12,000 719,527 [696,317 |69,321 76,452 - -

BR-01 |Bioreactor Wall Johnstone |35 24,908 [24,349 (3,226 3,467 3.0 1,075 1,156

BR-02 |Bioreactor, Bed, offline, ag pipe | Tully 15 20,995 20,262 2,719 2,885 10.2 267 283

BR-03 |Bioreactor, Bed, in drain Tully 10 21,764 21,206 2,819 3,019 - - -

BR-04 |Bioreactor, Bed, offline, ag pipe | Tully 15 20,945 20,212 2,712 2,878 115 236 250

BR-05 |Bioreactor, Bed, above drain Johnstone |10 27,851 24,696 3,607 3,516 - - -

BR-06 |Bioreactor, Bed, in drain lohnstone |15 44,458 42,416 5,758 6,039 - - -

BR-07 |Bioreactor, Ag-pipe trench lohnstone |80 19,620 19,201 2,541 2,734 - - -

vp-01 | Vegetated drain, Johnstone | ., 8209 |7,509 |791 824 162" |49 51 432" |18 19
No earthworks

vp-0p | Vegetated drain, Johnstone |, 2¢4 64,181 |61,129 |6,183 6,712 360|172 186 96.0"" |64 70
New developed bench
Vegetated drai Johnst

yp-15 | ceetated arain, ONNStone g5 89,879 |86,288 |8,669 9,474 16.8 516 564 448 194 211
Small weirs installed

Note that the riparian revegetation site is not included for DIN removal
*Nijtrate load removal reported for LWO1 in July 2020 Report, based on an assumed flow rate of 1 m?® s through the wetland for a 6-month wet season. This flow rate may be somewhat
optimistic.
** Nitrate load removal for CW02 calculated for the 2020 wet and dry seasons combined.
***Nitrate load removal for CW02 projected for 2021, based on calculated nitrate load removal for the 2021 wet season and assuming that the ratio of wet season to dry season load
removal in 2021 will be the same as that reported for 2020.
#*&¥Indicative annual nitrate/DIN load removal estimated by applying the annual nitrate/DIN load removal rate of 0.32 kg nitrate/m/year from vegetated drain Tully D5.
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9.6 Co-benefits

Co-benefits occur where a specific land management practice implemented to improve water quality for
the GBR has additional positive on-farm secondary impacts such as improving economic and production
outcomes, reducing carbon emissions, increasing biodiversity or improving soil health. The co-benefits of
land management practices for water quality improvement vary spatially with bioregions, land use and
landscape connectivity and the specific co-benefit being sought such as biodiversity, soil carbon and
productivity. Potential co-benefits of management practices within the P2R Water Quality Risk
Framework have been identified for the major land uses in the GBR catchment area. For example,
reductions in grazing lead to increased vegetation cover, particularly of perennial grasses, which
improves water infiltration and reduces runoff, and can lead to improved soil carbon and biodiversity. In
sugarcane and grain cropping systems, improved nitrogen management (type, timing, and quantity
applied) can reduce nitrous oxide and greenhouse gas emissions. The use of break-crops, rotations,
controlled traffic farming, and trash blanketing, has demonstrated benefits for soil health. For
horticulture, maintaining ground cover, inter-row, and headland management, can also support
biodiversity outcomes by providing habitat or, for example, reducing pollutant runoff into aquatic
ecosystems. However, there are few studies that specifically evaluate these co-benefits. Furthermore,
whole of life cycle analysis is required for optimising the outcomes of co-benefits, supported by
alignment of on-ground and management investment frameworks (Star et al. 2024b).

As an example in the Wet Tropics, Braunack et al. (2006) assessed the impact of harvesting equipment
on compaction and subsequent crop yield in sugarcane. At Tully, sugarcane varieties responded
differently to the effect of harvesting traffic with the yield response; variety Q138 had significantly
greater yield than Q117. A similar result was observed at Ingham, where Q124 tended to yield higher
than Q115. Yields were greater at the Tully site overall compared to the Ingham site, reflecting the
differences in harvesting equipment used as well as soil type and climatic conditions. Low ground
pressure machinery was also used at Tully compared to high ground pressure machinery at Ingham,
imparting different stresses through the soil profile. The effect of traffic appeared to be cumulative, as
the degree of soil compactness and bulk density increased, with treatment differences becoming
significant with each additional year of traffic. Traffic over the row resulted in a yield loss compared to
traffic near-the-row and down the inter-row, highlighting the co-benefits of implementing controlled
traffic systems on GPS (Star et al. 2024b).

In terms of biodiversity co-benefits, there are limited studies regarding on-farm biodiversity benefits in
sugarcane systems. However, there is some evidence of downstream benefits to biodiversity from
maintaining streambank vegetation in sugarcane areas in two locations in the Wet Tropics, Tully and
Ingham (Arthington et al. 2015). Manwaring et al. (2018) also found that trash blanketing, i.e., leaving
trash on the soil surface, can increase the biodiversity of micro-arthropods, specifically predatory mites
(Mesostigmata) in sugarcane areas (Star et al. 2024b).

There are also opportunities to deliver co-benefits such as biodiversity outcomes from wetland
restoration projects, particularly in large landscape-scale wetlands (Star, et al. 2024a). Co-benefits can
also be sought after and can generate a range of additional benefits, such as carbon sequestration,
biodiversity gains, fisheries habitat and N reduction. Although providing co-benefits could increase the
overall cost in some instances, securing payments for these additional ecosystem services could help
cover the costs of on-ground works (Canning et al. 2023) and reduce the relative cost for water quality
improvement (Star et al. 2024a). Other co-benefits such as fish production have also been reported from
wetland restoration projects in the Wet Tropics (Waltham et al. 2021).
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10 Considerations for implementation and delivery

10.1 Adoption theory

Uptake or adoption is defined as the process of discovery, decision and action that an individual or group
applies when taking up new practices or innovations (Pannell et al, 2026). It is rarely a binary process,
rather it is a continuous process that is rarely complete and can be reviewed and adapted as new
information, experiences and circumstances occur (Montes et al. 2021). It is normally thought of as
occurring in stages such as: awareness, initial evaluation, trial, and partial adoption, adoption, non-
adoption or dis-adoption (see Figure 49). Depending on the practice, context and other factors, this
process may occur slowly, quickly, skip stages, or stop at any of the stages. The more complicated the
practice, the more likely it is to be partially or incompletely adopted or parts of it adapted or evolved to
suit the individual and local context. Adoption can sometimes be a collective rather than an individual
process, which has implications for scaling of technologies beyond the initial innovators (Murray-Prior et
al. 2024).

Started using without trial Constant or increased use -
long term
Aware

Constant or increased use -
short term

Started using with trial Decreased use since

adoption
Trialling
Dis-adopted
Never adopted iy
Not aware. -

Figure 49. Adoption pathway analysis (From Montes et al. 2021).

10.2 Applying behavioural science to accelerate adoption

Many factors influence whether a land manager adopts a specific land management practice, operating
at a range of scales or levels: macro (governance, culture, media, economics, policy and legislation),
meso (industry, research and development agencies and community), micro (individuals and
relationships to people) as well as practice or behaviour characteristics (Coggan et al. 2021; Murray-Prior
et al. 2024). The macro context, including the enabling environment and governance systems, directs
and moulds what occurs at each of these levels and hence influences efficiency and effectiveness. While
the Strategy primarily focuses on micro-level interventions targeting individual landholders, it recognises
that these must operate within supportive meso and macro environments. For example, capability-
building through extension (micro) requires funded delivery organizations (meso) and supportive policy
settings (macro).

When designing strategies or programs to enable or accelerate adoption of desired land management
practices, it is essential to identify the factors that might enable or constrain adoption and develop
approaches that amplify enablers while addressing or overcoming barriers. Several frameworks exist for
understanding influences on adoption at the micro scale, including the ADOPT tool (Kuehne et al. 2017;
see inset) and Community-Based Social Marketing (McKenzie-Mohr, 2011). However, one of the most
widely used and accepted frameworks is the COM-B model (Michie et al. 2011). COM-B posits that
Capability + Opportunity + Motivation = Behaviour. In other words, adoption depends on whether the
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landholder has the knowledge and skills to implement the practice (Capability), has access to necessary
resources and support (Opportunity), and believes the practice is worthwhile and feasible (Motivation).
Each component is essential - a motivated landholder without the necessary skills or resources cannot
adopt a practice, just as a capable landholder with resources but no motivation will not change.

Essentially, the COM-B model provides a comprehensive framework for understanding what drives
adoption and how to design effective voluntary programs or initiatives (i.e., “suasive” and “financial”
instruments). This model is particularly valuable for behaviour associated with agricultural practice
change as it helps diagnose why landholders may or may not adopt improved practices, moving beyond
assumptions that information or incentives alone drive change. The model's three components break
down into six sub-components:

e Capability:
o Physical capability (skills and strength), and
o Psychological capability (knowledge, awareness)
e Opportunity:
o Physical opportunity (time, resources, environment), and
o Social opportunity (social influences, norms, peer pressure)
e Motivation:
o Reflective motivation (conscious planning, evaluations, intentions), and
o Automatic motivation (emotions, habits, impulses)

Connected to COM-B is the Behaviour Change Wheel (BCW), which identifies program design functions
or strategies that can address specific behavioural barriers, including capacity building workshops, access
to technology and innovation, decision support tools, incentives and promoting social norms. This
systematic approach helps decision makers select interventions based on diagnosed barriers rather than
assumptions. This process is described in Section 10.3.

Social research and monitoring conducted in GBR catchments on the barriers and enablers to
adoption — spanning capability, opportunity and motivation factors — are summarised in
Section 11. Examples of current and recent programs is provided in Section 12.

10.2.1 Policy instruments in the GBR context

A paper led by Eberhard et al. (2021) provides a comprehensive analysis of the policy instruments
available to encourage adoption of improved agricultural practices for water quality in the GBR
catchments. The authors identify four main categories of instruments that governments can deploy,
following Vedung's (1998) framework of "carrots, sticks, and sermons."

e Suasive instruments (sermons) involve information provision, education, and extension services
to build landholder capacity and motivation through knowledge transfer and persuasion.

e Financial instruments (carrots) provide economic incentives through grants, subsidies, tenders,
tax concessions, or market-based mechanisms like water quality credits.

e Regulatory instruments (sticks) establish mandatory rules and standards with enforcement
mechanisms.

Procedural instruments, while not directly changing landholder behaviour, create the enabling
environment for substantive instruments to function effectively. In the GBR, these include bilateral
government coordination (Reef 2050 Plan and the Reef 2050 Reef Advisory Committee), stakeholder
engagement mechanisms (e.g., Regional report cards) and collaborative planning processes (Regional
Water Quality Strategies). These instruments primarily target the social opportunity component of COM-
B by building trust, legitimacy, and collective commitment.
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The table below maps GBR policy instruments to program design functions from the Behaviour Change
Wheel framework, identifies which COM-B components they target, and provides examples of GBR
programs implemented over the last 20 years with Federal and State government investment.

Table 43. GBR Policy Instruments and Program Design Functions.

Policy Instrument Description

Program Design Functions GBR program Examples

SUASIVE INSTRUMENTS

Agricultural
extension

One-on-one advice,
workshops, field days to
transfer knowledge and
skills

Capacity, Skills and
Expertise
Incentives

Queensland DAF extension
officers

NRM regional delivery
programs

Cane productivity services

Industry Best Industry-led voluntary
Management Practicecertification schemes with
(BMP) programs training and support

Capacity, Skills and
Expertise
Social norms and trust

Grazing BMP (ceased 2019)
Hort 360
SmartCane BMP

Showcase farms
demonstrating improved
practices and outcomes

Demonstration sites

Capacity, Skills and
Expertise
Social norms and trust

Project Catalyst sites
Paddock to Reef paddock
monitoring sites

Decision support Digital/paper tools helping
landholders plan and track

practice implementation

Decision support tools

Fertilizer calculators
Six Easy Steps program
Smart phone apps

FINANCIAL INSTRUMENTS

Non-competitive
grants

Direct payments to offset
costs of practice change or
infrastructure

Incentives and markets
Technology and
equipment

Reef Trust Alliance,
Major Integrated Projects

Reverse auctions where
landholders bid to deliver
water quality outcomes

Competitive tenders

Incentives and markets

Reef Trust tenders

Market mechanisms Credits, offsets, stewardship
payments for ecosystem

services

Incentives and markets

Reef Credits scheme,

Reef Trust Offsets,

Land Restoration Fund co-
benefits

Subsidised
loans/services

Reduced-cost capital or
professional services

Technology and
equipment
Capacity, Skills and
Expertise

Project Uplift loans,
Subsidized compliance
planning

REGULATORY INSTRUMENTS

Agricultural practice
standards

Reef Protection Regulations
for nutrients and sediment,
and Chemical Usage

(Agricultural and Veterinary)

Control Act 1988 for
pesticides

Regulation

Chapter 4A Environmental
Protection Act,

Prescribed N&P
methodologies,

Minimum practice standards

Flexible compliance Alternative pathways like
BMP accreditation to meet

regulatory requirements

n/a

BMP accreditation as deemed
compliance,

Farm-specific environmental
risk plans

Within the context of the GBR over the last twenty years, government has typically employed a mix of
these instruments, though the Region has been dominated by suasive policy instruments. Eberhard et al.
(2021) and others stress that no single instrument works universally - effectiveness depends on the ‘fit’
between instruments and diverse landholder cohorts, practices, and contexts (McKenzie-Mohr, 2011;

Michie et al. 2011). They argue for a more sophisticated ‘policy toolkit’ approach that combines multiple
instruments strategically. The key challenge is understanding which combinations of instruments work
for whom, when, and any in different agricultural contexts.
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Ideally, strategies for agricultural adoption should be developed, tested, scaled, monitored, and
evaluated using collaborative processes that actively involve key actors in relevant communities, value
chains, and innovation systems (Murray-Prior et al. 2024). Such processes build the trust that is essential
for strategy and program success. While such collaborative co-design processes are ideal, they are not
always feasible. Instead, insights from previous research can still inform effective strategy and program

design.

10.3 Designing effective delivery strategies and actions

Michie et al. (2014) outline a four-stage process for designing behaviour change strategies and
interventions that can be used to help accelerate adoption of agricultural practices that have water
guality benefits. The stages are described in Table 44,

Table 44. Stages for designing behaviour stage strategies and interventions.

Stage

Steps

Information sources

Problem Definition
and Behaviour
Identification

1. Define the water quality
problem in behavioural terms
(e.g., excessive nitrogen
application by sugarcane
growers)

2. Select target practices based
on their impact on water quality
and adoptability (e.g., adopting
controlled-release fertilizers,
maintaining ground cover)

The Wet Tropics Quality Synthesis Report (this
report) has identified priority pollutants, likelihood
of exposure on ecosystems, pollutant sources and
water quality drivers (Section 6-7 of this report). The
report also provides potential behaviours (i.e.,
management options presented in Section 9 of this
report).

Behavioural
Diagnosis and
Specification

3. Specify the behaviour
precisely - who needs to do
what, where, and how and the
desired management response
level (i.e., the urgency and scale
of the response needed).

Regional Water Quality Strategies:

The Basin-level Water Quality Improvement
Strategies are structured around three Strategic
Action Areas that identify Action Strategies that
describe the pollutants, land use areas and natural
systems need to be targeted for each basin (WHAT
AND WHERE), along with the target Management
Response level for each. Example management
actions (HOW) are also identified that have water
quality benefits for each Action Strategy.

4. Using a COM-B diagnosis -
assess which capabilities,
opportunities, or motivations are
present or lacking for the target
practice.

The Wet Tropics Quality Synthesis Report: Initial
COM-B barriers and enablers have been identified at
a broad level based on past research and evaluations
(Section 10.4) and research (see Section 11).

Note: While synthesis reports provide high-level
COM-B insights, organisations designing and
delivering water quality focused programs are
encouraged to conduct finer-grained behavioural
diagnoses for specific target actions and different
land use segments.

Delivery Strategy
Selection

5. Choose delivery strategies and
actions that leverage enablers
and addresses identified
barriers.

Regional Water Quality Strategies:

The Regional Water Quality Strategy presents a mix
of Delivery Strategies, along with proposed and
example actions, selected based on local context.
This may include identifying how existing programs
can be leveraged or how new programs can be
designed (Section 11).

Program Design

6. Design specific delivery
methods and actions including:
e Selection of trusted delivery
partners

* Development of specific

Responsibility of delivery providers: Program
delivery organisations will determine specific
implementation methods based on their expertise,
relationships with landholders, and available
resources. This includes developing culturally
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Stage Steps Information sources

messages, materials and support appropriate materials and choosing optimal
tools engagement channels.

¢ Sequencing and timing of

actions

10.4 The role of monitoring and evaluation

Monitoring and evaluation (M&E) of delivery programs and actions plays a critical role in their success.
Effective M&E not only demonstrates program impact but also enables continuous learning and
improvement, helping practitioners understand what works, for whom, and under what conditions.
However, traditional evaluation approaches often fall short in capturing the complexity of behaviour
change processes and fail to provide timely insights that can improve program delivery. Rundle-Thiele et
al. (2021) identified several key principles for effective evaluation of behaviour change programs in
agricultural contexts:

e Shift evaluation mindset: Move from a 'prove' mindset to an 'improve' mindset, focusing on
learning from experiences to understand which improvements extend program success

e Conduct ongoing evaluation: Undertake evaluations throughout the project, not just at the end,
to avoid costly mistakes through early identification of approaches that are not working

e Use coordinated, independent evaluation: Implement landholder-focused (not project-focused)
evaluations led by an independent third party with no involvement in the sector

e Apply dynamic evaluation approaches: Identify rates of change and drivers of both positive and
undesired change

10.4.1 Linking Monitoring and Evaluation to the COM-B Framework

Evaluation of behaviour change programs should assess how interventions are affecting capability,
opportunity, and motivation - the three essential components for behaviour change. This means
measuring not only adoption rates but also:

e Changes in landholder knowledge, skills, and confidence (capability)
e Changes in access to resources, support networks, and enabling infrastructure (opportunity)
e Changes in landholder beliefs, intentions, and emotional responses to practices (motivation)

By structuring evaluation around the COM-B framework, programs can identify which components are
being successfully addressed and which require additional attention. This diagnostic approach enables
more targeted program refinement and helps explain why adoption is or isn't occurring.

10.4.2 Paddock to Reef Social Monitoring Program

The Paddock to Reef Integrated Monitoring, Modelling and Reporting Program includes a human
dimensions component that monitors the capability, opportunity and motivational factors influencing
land management practice adoption in GBR catchments.

The indicators used in the social monitoring program directly align with the COM-B (Capability,
Opportunity, Motivation — Behaviour) framework, for example:

e Capability: Perceived behavioural control; knowledge and skills; attitudes towards practices
e Opportunity: Group norms; trust in institutions and advisors; access to support and resources
e Motivations (intrinsic and extrinsic): perceived barriers; intentions for future behaviour

This alignment allows delivery providers to use the information to “diagnose” which behavioural
domains require focus to inform the design of programs. For example, if baseline data reveals high
motivation but low capability, programs can prioritise skills training and technical support rather than
awareness-raising activities. Step by step guidance on this process has been provided in the Regional
Water Quality Strategies.
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The social monitoring program, coordinated through the Office of the Great Barrier Reef and World
Heritage, provides a standardised approach to understanding the non-biophysical factors that enable or
constrain adoption among landholders. Specifically, it aims to:

e Track progress towards human dimensions objectives and outcomes of the Reef 2050 Long Term
Sustainability Plan and the Reef 2050 CWQS,

e Provide delivery providers with insights into the factors (i.e., capacity, motivations and
opportunities) influencing adoption within their target populations,

e Inform the design of interventions to improve program effectiveness and practice change over
time.

The program collects data through standardised surveys administered to landholders participating in
state and federally funded water quality improvement projects. Delivery providers (such as NRM bodies,
industry groups and extension providers) are required to administer baseline surveys at project
commencement and post-implementation surveys following project activities. From 2019 to 2024 the
survey was referred to as the ‘social monitoring survey’. In 2022-23, following a rigorous review process,
the survey was updated to the Perceptions of Practices (or PoP) Survey. The PoP survey includes
additional questions and demographics, and some scales were revised.

To complement the project-level monitoring and address limitations in scope (particularly the exclusion
of producers not engaged in funded programs), periodic regional baseline surveys are also commissioned
that additionally understand the capabilities, motivations and opportunities of producers not actively
engaged in Reef water quality funded programs. These surveys are administered across the six Great
Barrier Reef catchment areas. The surveys target producers in commodities subject to Reef Water
Quality regulations, including grazing, sugarcane, grains, bananas and horticulture. The first wave of this
guantitative research was conducted in 2023, with the second wave undertaken in 2025 to identify
changes over time (MCR, 2023, 2025).

Detailed reports on the outcomes of the social monitoring program are provided directly to the delivery
providers to support their program implementation and to track progress towards outcomes. High level
summaries of the insights generated are also made available via the Reef Report Cards (for example, see
Figure 50).
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Telling the human story behind practice change

This social monitoring data presents the opinions of cane growers and graziers engaged in practice change projects to reduce sediment, nutrisnts and pesticides
entering local waterways, This data tells part of the story of practice change happening in Reef catchments. The opinions of Reef catchment residents provide
another perspective on the values of local waterways and the management of the Reef catchment.

Learn more about why we collect human dimensions data, what it tells us, and how we use it.

Find out more about landholders® experiences of adopting new practices and their motivations to change in these landholder stories,

Involved cane grower perspectives Involved grazier perspectives Reef catchment resident perspectives
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Figure 50. Paddock to Reef Human Dimensions Report Card 2021-22 (https.//reportcard.reefplan.qld.qov.au/).

11 Past social research and monitoring of Reef water quality programs

There have been several programs and research studies that have explored landholders' perceptions of
management practice changes to better understand the barriers and enablers to adoption. These
approaches all involve asking landholders and experts - through surveys, interviews, focus groups, or
observations - about the specific factors that enable or constrain their adoption of specific practices for a
specific audience. This specificity is important as while the types of influences are similar, the relative
influence of those factors can vary considerably depending on context (Murray-Prior et al. 2024).
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This was a key focus of Question 7.2 of the 2022
Scientific Consensus Statement (Murray-Prior et al.
2024), which synthesised evidence on the behavioural,
attitudinal, economic, social and cultural factors that
hinder or enable the uptake of management practices
for Reef water quality outcomes. The following
synthesis draws from the research outputs included in
the Scientific Consensus Statement, other relevant
reports and literature, as well as data and insights
collected through the P2R Social Monitoring Program.
However, as contexts vary even within regions and
over time, delivery organisations are encouraged to
validate and refine these insights through direct
engagement with their target landholders prior to
informing any future program designs.

For urban water management, evidence in the Wet
Tropics Region is limited. The Urban Water
Stewardship Framework assessment rated the Wet
Tropics region a ‘B’ in 2021-22, an improvement from
Cin the 2019-20 reporting period. The goal of the
framework is to assess performance in urban water
management practices and identify where
management activities are working well and where
they can be improved. Past research has indicated that
while local government officers possess technical
expertise across planning, compliance, and asset
management domains, significant knowledge gaps
remain regarding the specific capacity of local
governments to implement improved urban water

The ADOPT (Adoption and Diffusion
Outcome Prediction Tool), developed by
Kuehne and colleagues (Kuehne et al.
2017), provides a structured framework
for predicting the likely rate and peak
level of adoption for specific agricultural
practices. The tool organised around
four micro and meso-level domains:
characteristics of the practice that
influence its relative advantage,
characteristics of the target population
influencing their perceptions of that
advantage, characteristics of the
practice influencing ease of learning,
and characteristics of potential adopters
that influence their ability to learn about
the practice. The tool was employed as
part of the Department of Primary
Industries recent review of management
practice adoption targets. Alongside the
research summarised below, these
insights can help delivery providers
identify which landholder and practice
factors are most likely to influence
adoption, and where micro-level
interventions may have the greatest
impact.

management practices (Eberhard et al. 2017; Gooch, 2017).

Insights from the Wet Tropics

rapid progress towards water quality targets.

continuous learning and adaptation.

Practical support, including locally tailored technical advice and demonstration of cost-effective
solutions such as catchment repair systems, was essential for overcoming barriers to practice
change. The combination of soil health monitoring, educational workshops, extension support,
and infrastructure implementation was crucial to driving long-term changes. Financial incentives
accelerated adoption of improved practices, while agronomic and technical support promoted

Addressing social and cultural factors was also critical. Communication strategies resonating with
landholders' values, such as stewardship and legacy, played key roles in shifting attitudes. Market-
based initiatives like the Reef Credits Scheme offer promising mechanisms for providing financial
incentives, reducing reliance on short-term government funding. Finally, tailored governance
structures, coupled with real-time spatial data platforms and transparent reporting mechanisms,
emerged as critical enablers of program success, providing accountability and promoting
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11.1 Capability

Evidence from across the Great Barrier Reef catchments identifies several capability-related barriers to
the adoption of improved land management practices (Murray-Prior et al. 2024). For example, the
adoption of precision agricultural technologies has been constrained by the complexity of skills required,
with some practices demanding highly specific competencies that landholders lack motivation to develop
(Coggan et al. 2021; Harvey et al. 2016b). Digital literacy presents a particular challenge, with both
extension officers and landholders reporting discomfort with digital decision-support tools (Vilas et al.
2020). Transaction costs associated with learning about best management practices are inversely
correlated with practice complexity - more complex practices require greater investment in skills
acquisition (Coggan et al. 2017). Additionally, bounded rationality and cognitive difficulties in processing
complex decision environments have been shown to affect both decision quality and profitability
outcomes for graziers (Gregg & Rolfe, 201643, b).

Importantly, across all agricultural land uses, demonstrating clear links between practice change and
improved water quality outcomes is an important factor that can enable practice adoption by building
landholder confidence and understanding (Murray-Prior et al, 2024), which are core elements of
psychological capability. In support of this, a study among land managers in the Wet Tropics Region who
engaged in sugarcane production revealed that there is still a need to better ‘sell the science’ to gain
acceptance of the cause-effect relationship between farming practice and water quality, with potential
to extend the key role of extension officers to influence an increased uptake of Best Management
Practices. Extension officers could be supported through professional development to further improve
their ability to build trust and engagement with land managers. It was also identified as essential to
ensure that all communications and messages were consistent irrespective of source, and ideally be
channelled through trusted sources (Farr et al. 2017).

Additionally, the evaluation of the Wet Tropics Major Integrated Project (MIP) found that one of the
most significant drivers if adoption was local-scale water quality monitoring and feedback loops. This
approach directly addressed the common landholder concern: 'Is it my nitrogen?' By involving
landholders in monitoring and presenting relatable, localised data, these projects fostered stronger
connections between farming practices and water quality outcomes, leading to increased ownership and
willingness to adopt best practices. Real-time monitoring enabled timely discussions between scientists
and farmers, promoting practices that save money and reduce DIN losses. However, there remains a
need to better 'sell the science' to gain acceptance of the cause-effect relationship, which could be
addressed through extension officers acting as trusted intermediaries (Terrain NRM, 2021).

The same evaluation found that practical support, including locally tailored technical advice, agronomic
and technical support, and demonstration of cost-effective solutions such as catchment repair treatment
systems, was essential for overcoming barriers to practice change. The combination of soil health and
pasture condition monitoring, educational workshops, extension support, and the implementation of
infrastructure was crucial to driving long-term management practice changes. In the Lower Herbert
catchment, access to financial incentives accelerated the adoption of improved practices, while the
combination of agronomic advice and technical support promoted rapid progress towards water quality
targets (Terrain NRM, 2021).
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11.2 Opportunities

11.2.1 Physical opportunity

Evidence from Reef region-wide studies identifies several physical opportunity factors that enable or
constrain adoption of improved management practices. Access to extension services and programs that
target adoption has been consistently associated with improved practice uptake (Murray-Prior et al.
2024). Research has found that 61% of agricultural land managers considered the amount of support and
opportunities provided by industry groups and/or peak bodies about land management practices to be
"about right," while 26% felt there was not enough support and advice available, including a significant
number of graziers (Department of Agriculture and Fisheries, 2024).

In the Wet Tropics, market-based initiatives like the Reef Credits Scheme were identified as promising
mechanisms for providing financial incentives for ongoing water quality improvements, reducing reliance
on short-term, project-based government funding (Terrain NRM, 2021). However, research also shows
that grant programs perform better when practices are bundled together, supported by regional
organisations, and combined with training and extension support (Murray-Prior et al. 2024). Conversely,
short-term, disconnected projects have been identified as a barrier to sustained change, as they provide
insufficient time to build the relationships required (Coggan et al. 2021).

Physical opportunity is also shaped by the inherent characteristics of farms and the context in which
landholders operate. For example, farm size has been shown to be a good indicator of the likelihood of
adoption of better management practices, with a close correlation between larger farms and higher
levels of practice. It is also more economically viable for larger farms to adopt higher level practices. The
Tully-Murray and Daintree-Mossman basins have the greatest proportion of large farms (>200ha), while
the greatest proportion of small farms (<100ha) are in the Johnstone (26%) and Barron (23%) basins. This
data is useful for informing the choice of delivery mechanisms for management practice improvement in
each basin. For example, basins with a high number of small farms will require additional extension
effort combined with water quality grants, while large farms should benefit from targeted extension and
training activities alone, due to better economic viability of improved practice adoption (Terrain NRM,
2015).

Uncertainties related to the weather are also related to opportunity factors. For grazing enterprises in
particular, Murray-Prior et al. (2024) identified that the interaction of weather and climate with property
and decision-maker context affects opportunities for practice change. Financial and other support over
time, transaction costs, and skills required are all contextual factors that influence what opportunities
are accessible or feasible for individual landholders (Murray-Prior et al. 2024). For example, the complex
and dynamic nature of decision-making in grazing systems, coupled with uncertainties associated with
weather, was found to hinder adoption of optimal levels of pasture utilisation suggested by many NRM
frameworks (Star et al. 2015).

Lastly, access to agricultural technology (AgTech) presents both opportunities and challenges. Most
producers agree that it is important to stay current with the latest technology and farming techniques
and two-thirds (67%) of producers have adopted some form of AgTech or innovative technology on their
farm (DAF, 2024). Among AgTech adopters, most have experienced benefits including improved time
efficiency, increased productivity, and improved soil health. By 2024, Internet of Things devices and
sensors had become the most commonly adopted innovative technology, followed by data management
and analytics. However, lack of innovation access and limited availability of appropriate technologies
constrain practice change for some producers. The high cost of AgTech or innovations also remains a
significant barrier, with 84% of producers citing this as a concern. Similarly, access to internet
infrastructure can also limit adoption opportunities. For example, the 1622WQ digital application was
limited by poor internet connectivity in rural areas (Vilas et al. 2020).
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11.2.2 Social opportunity

Social opportunity factors play a critical role in shaping adoption. GBR-wide evidence indicates that social
norms and relationships with other growers are consistently significant predictors of adoption (Murray-
Prior et al. 2024). The Q7.2 synthesis emphasises that peers and community are important enablers.
Building social capital - including bonding capital within farming communities, bridging capital between
different groups, and linking capital to institutions - enables adoption and maintains changes over time.
For example, the Cane Changer project demonstrated that strategies to coordinate and engage local
leaders, combined with communication to reinforce change, resulted in increased sense of recognition,
personal responsibility, and individual and collective efficacy among participating growers (Moore et al.
2021).

Research conducted in the Wet Tropics, has demonstrated that adoption appears to be more likely when
more components of social marketing are used. Social marketing is multidisciplinary and it provides a
framework for developing innovative solutions using a substantial research base to initiate change across
communities, organisations and society (Hay & Eagle, 2019). That is, Best Management Practice-focussed
behaviour change activity lends itself to a Social Marketing approach via an understanding of the
influence of intrapersonal, interpersonal, organisational, community and societal influences on
behavioural decisions across different segments of land managers.

The governance and regulatory environment can significantly shape social opportunity. The Q7.2
synthesis found that the introduction of regulations increased opposition and reinforced rejection of
science linking agriculture to water quality (Murray-Prior et al. 2024). However, since 2007 there have
been "attempts" to reduce power imbalances and use collaborative approaches with regions, Traditional
Owners, and stakeholders, though it was noted that collaboration often remains consultative rather than
truly participatory (Murray-Prior et al. 2024).

The studies investigating management of riparian zones found that perceived support from relevant
groups and agencies provides social validation and encouragement for practice adoption, with stronger
intentions by graziers to manage these zones associated with a greater sense of normative support for
the practice, including support from catchment groups and government (Fielding et al. 2005, 2008).
Importantly, social norms of the landholder community (standard codes of behaviour) rather than
subjective norms (beliefs about whether most people approve or disapprove of a behaviour) were found
to be a better predictor of behaviour. This suggests that building visible, community-level norms around
good land management is more influential than individual approval.

However, the grazing industry faces unique social opportunity challenges compared to more intensive
agricultural industries. Graziers have much larger properties and consequently are more isolated from
their peers than sugarcane or horticultural growers, who live near each other and know many of the
other growers in their area (Murray-Prior et al. 2024). This geographic isolation can constrain the
development of bonding social capital and peer-to-peer learning opportunities. Nevertheless, regional
events such as field days, and industry workshops provide important opportunities for social connection.

The evaluation of the Wet Tropics MIP and lessons learned from other projects, including the Reef Trust
and GBRF projects across the Mulgrave-Russell, Tully-Johnstone, and the Upper and Lower Herbert
regions all stress that the importance of addressing social and cultural factors should not be
underestimated.
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11.3 Motivations

Motivation encompasses the internal psychological processes, both reflective (beliefs, goals, and
intentions) and automatic (emotions and habits), that direct behaviour. Evidence from across the GBR
catchments and specific research in the Fitzroy Region has identified several key motivational influences
on practice adoption.

11.3.1 Environmental stewardship and responsibility

Research by DAF (2024) found that almost all producers see looking after the environment as part of
farming and are motivated by wanting people to see farmers as good land stewards. This strong
environmental ethic represents a significant motivational driver for practice adoption in the Region.

11.3.2 Productivity and profitability goals

As well as strong environmental values, economics remains as dominant motivational driver. For
example, research by Department of Primary Industries found that a majority (77%) of producers agree
that their main focus is increasing their yield to improve profitability (DAF, 2024). This productivity focus
shapes how landholders evaluate and prioritise potential practice changes. Murray-Prior et al. (2024)
emphasised that both real and perceived economic factors are highly influential enablers or barriers to
landholder decision-making: practices that are, or are perceived as, more profitable will be adopted
faster, whereas practices that are costly to implement or perceived as a potential risk to profitability or
production will struggle to gain traction. Less profitable practices will typically require development of
supporting policies and instruments to encourage adoption, as economic motivation alone will be
insufficient.

11.3.3 Financial anxiety and risk aversion

Rising operation and household costs have emerged as a key concern that negatively influences
motivation. DAF (2024) identified these financial pressures as "a key barrier to implementing changes to
sediment, nutrient and chemical management on-farm." These financial worries create emotional
resistance to adoption, even when producers may intellectually recognise the value of practices.
Moreover, financial returns can vary substantially across different climate periods, which may explain
why landholders are cautious about changing practices (Gregg & Rolfe, 20164, b). For example, while the
economic benefits for sugarcane farmers in the Wet Tropics of adopting Smartcane BMP changes were
positive, there was a big range in these benefits ($25-$220 ha/yr; Poggio et al. 2018). Resistance to
change has also been identified as a stable, difficult-to-change factor, often linked to uncertainty or lack
of confidence (Murray-Prior et al. 2024).

11.3.4 Values, beliefs and sense of control

Landholder values and farming objectives influence motivation for adoption in diverse ways. Multiple
studies have used segmentation approaches based on management objectives, information sources, risk
tolerance, and values, identifying typologies such as Traditionalists, Experimenters/diversifiers,
Enterprise farmers, Conservationists, and Lifestyle/hobby farmers (Cleary et al. 2022). However, these
groupings vary by indices used and are context and practice-specific—"one size does not fit all" (Murray-
Prior et al. 2024).

11.3.5 Contextual factors influencing motivation

Motivation does not exist in isolation, it is shaped by both capability and opportunity factors in complex
ways. For example, Murray-Prior et al. (2024) identified several contextual factors that interact with and
influence motivation for different land uses. For grazing enterprises:

e The interaction of weather and climate with property context creates emotional responses
(worry, uncertainty) and affects confidence in practice outcomes

e Access to financial and other support over time influences both confidence and willingness to
invest in change

e Transaction costs affect perceived feasibility and willingness to engage with programs
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These contextual factors demonstrate that while motivation is an internal process, it is constantly
influenced by the opportunities and capabilities available to landholders, creating a dynamic system that
shapes adoption behaviour.

11.4 Trust

Trust, while generally considered part of social opportunity, is foundational across all components of the
COM-B model. It underpins capability (trust in information sources that build awareness and knowledge),
opportunity (trust within social networks and peer groups), and motivation (trust that practices will
deliver promised outcomes). At broader scales, trust in the institutions that promote practices and the
scientific evidence underpinning recommendations is equally critical. Evidence related to Reef water
guality and agriculture has consistently shown that landholder distrust of government, scientists, and
program delivery organisations hinders the adoption of recommended management practices that could
improve GBR water quality outcomes (Murray-Prior et al. 2024).

As an example from the Wet Tropics Region, interviews during 2007-2010 with sugar industry
representatives in the Mossman and Tully areas, interrogated participants’ values, interests and beliefs
regarding their actions and views on fertiliser usage. The analysis of growers’ reasons for not always
adopting recommended fertiliser practices pointed towards the problems associated with the reliance
that policy-makers place on scientific expertise to inform natural resource management policy, without
consulting rural peoples’ knowledge. The study concluded that granting more credibility to rural people’s
knowledge would lead to more sustainable NRM policy that ultimately affects the livelihoods of farmers,
and better ways of working with farmers on issues of environmental management (Benn, 2015).

There are also different types of trust (e.g., companion, community, commitment and competence) that
affect relationships and are relevant at all levels of the system and between all stakeholders (Murray-
Prior et al. 2024). The results of a study based on surveys of rural landholders in the Wet Tropics NRM
Region revealed that at the farm level, trust of other people and organisations plays an important role in
determining how landholders will respond to public policies and programs designed to improve natural
resource management, particularly their appraisal of information sources (Emtage & Herbohn, 2012).
Strong levels of trust improve communication and increase levels of cooperation. With increasing trust,
transactions usually get faster and cheaper. Without trust, behaviour change in GBR water quality
projects will be harder to achieve (James, 2021).

The Trust Paradox: Research institutions vs. GBR Science

A significant disconnect exists between trust in research institutions generally and trust in the science
about GBR water quality specifically. In research conducted by the Office of the Great Barrier Reef and
World Heritage as part of their Social Monitoring Program, local landholders indicated high trust in
research institutions for information or advice about land management practices, their trust in science
about GBR water quality was considerably lower: 46% believed the science to be untrustworthy (23%
completely, 23% somewhat) and only 29% believed it was trustworthy (4% completely, 25% somewhat)
(MCR, 2023).

This trust gap varied substantially by producer type. Among respondents, 27% of graziers and 22% of
sugarcane producers considered the science trustworthy, compared to 38% of horticulture growers and
50% of "other" producers. Notably, no grain producers in the survey rated the science as trustworthy:
43% rated it as untrustworthy, 29% were neutral, and 29% did not answer (MCR, 2023).

Building trust and trusted information sources

Identifying trusted stakeholders and information sources, as well as building trust in management
institutions and scientific evidence, is foundational for adoption of conservation-related behaviours and
changes in land management practices (Curnock et al. 2024; Murray-Prior et al. 2024).

Studies examining the information sources that producers use for improving management practices have
revealed consistent patterns (James, 2021; MCR, 2023; DAF, 2024). Other growers and producers, along
with peer-to-peer groups, are the most widely trusted and commonly used sources of information,
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followed by qualified technical experts and private agronomists (MCR, 2023; DAF, 2024). Friends and
family (highly trusted) and industry associations (commonly used) are also rated highly as information
sources. Research institutions show an interesting pattern: while they are highly trusted, they are used
less commonly than other sources (MCR, 2023; DAF, 2024).

Where trust is lacking or has not yet been established, active engagement of key actors from the
planning stages onward can help address this barrier. Co-design and collaborative approaches can
improve the design, implementation, and scaling of management practices while also building the trust
necessary for adoption of practices that improve water quality (Murray-Prior et al. 2024). Building trust
through grassroots, place-based approaches was key factor in the implementation of the Wet Tropics
MIP. That is, the approach built trust between farmers, extensionists, and researchers and proved critical
to successfully implementing practices to improve water quality. Peer-to-peer learning networks were
consistently highlighted as beneficial, particularly for young growers and those new to the industry.
Demonstration farms provided real-world evidence of benefits on both water quality and productivity,
while small, tailored on-property workshops emerged as preferred approaches (Terrain NRM, 2021).

Another example of collaboration to inform water quality planning in the Wet Tropics is described in
Kroon et al. (2009). During the development of an earlier water quality improvement plan in the Tully-
Murray basin, government and non-government stakeholders coordinated efforts to assess water quality
condition and set management priorities for improving the quality of water entering the GBR lagoon.
This analysis highlighted that the establishment of a durable partnership can enhance knowledge
integration at the catchment scale, and provided a framework for coordinating and integrating large
amounts of fragmented and uncertain information from research, community, government, and industry
(Kroon et al. 2009).

11.5 Information sources

It is important to consider where landholders source information from, as different channels carry
different levels of trust, accessibility, and credibility. This means that the channels through which
producers access information can significantly influence whether and how they learn about and adopt
new practices.

Formal information channels

The main media and event channels producers use for accessing information about improved farming
practices are industry email newsletters (73%) and farming events, conferences, or workshops (71%)
(DAF, 2024; Figure 51). Over two in five producers use government websites (46%) for accessing
information about improved farming practices, while half (49%) use DAF workshops and other events to
learn about improved practices. Which sources are most commonly used varies within producer
subgroups, suggesting the need for tailored communication strategies that match the preferences of
different producer types.
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Figure 51. Sources of information (media and event channels) about improved farming practices accessed by different sub-groups
of producers surveyed as part of the DAF Reef Behaviour Research surveys (2024). Values in green are significantly greater than
values in red. Figure adopted from DAF (2024).

Social media and digital platforms

Social media platforms are increasingly important information channels. Compared to 2023, there has
been an uptick in 2024 in the use of industry social media posts among producers (DAF, 2024). Facebook
groups remain the least commonly used source among those surveyed, though usage varies by producer
type and age demographic. WhatsApp is commonly used for information sharing, with usage varying
across producer subgroups (DAF, 2024), highlighting how digital platforms are creating new pathways for
rapid information exchange.

The power of peer networks

The data shown in Figure 52, underscore the critical importance of peer-to-peer knowledge transfer
networks in effective agricultural extension programs. Informal networks often provide the most
accessible information channels for landholders and, as noted earlier, are among the most trusted
sources. Rundle-Thiele et al. (2021) identified peer networks as key social opportunity enablers. When
producers operate within networks where sustainable practices are normalized and discussed, the social
opportunity for adoption increases. Conversely, barriers include competing stakeholder interests that
create confusion or mixed messages, and lack of leadership to champion and coordinate practice change
efforts.
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Figure 52. Sources of information (networks) for learning about improved farming practices accessed by different sub-groups of
producers surveyed as part of the DAF Reef Behaviour Research surveys (2024). Values in green are significantly greater than

values in red. Figure adopted from DAF (2024).

Understanding information channels

Understanding which channels and sources different producer groups prefer and trust enables more
effective targeting of extension and education efforts to support practice adoption Figure 53 presents
the specific information sources producers identified when asked about accessing or sharing information
about improved farming practices or best practice (DAF, 2024). For example, for television programming,
Landline is the most commonly viewed program, specified by almost all producers who use television for
agricultural information. Among newspapers, Queensland Country Life is the most common newspaper

read for information.
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= —_— 00O
Television programs: Newspapers: Radio programs:
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program viewed, and
specified by almost all
producers who use
television programs for
information.
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by almost all producers who
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The Land, Courier Mail,
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Figure 53. Specific information sources used when it comes to accessing or sharing information about farming best practice.
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12 Water quality-related projects and programs in the Wet Tropics

12.1 Recent projects and programs

The Wet Tropics Region has seen significant ongoing investment over the last five years in projects and
programs that support water quality improvements and land management practice changes. A summary
table of recent projects and programs (typically from 2016), broken down into basin-level information
where available are presented in the Appendix D. Some of these programs are long-term and
commenced prior to 2016. The majority of the projects and programs have been government funded,
with major investments from the Australian Government Reef Trust and Reef Trust Partnership
programs, and the Queensland Government Reef Water Quality Program.

12.2 Current projects and programs

There are several projects and programs that are currently funded to support water quality

improvements and land management practice changes in the Wet Tropics Region. These are summarised
in Table 45.
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Table 45. Summary of current projects and programs to support water quality improvement in the Wet Tropics Region (as at June 2025).

Project / Program (Year)

Basin

Focus

Objectives/Description

Reference

Wet Tropics Fine Scale
Water Quality Monitoring

September 2024 to June
2027

Johnstone, Tully, Murray

Community engagement

Provide local, relevant, and timely water quality data to community
members in GBR catchments. The project focuses on local water quality
issues and behaviour insights, aiming to increase community engagement,
trust in Reef and water quality science, and encourage collective action to
improve waterway outcomes.

Wet Tropics Waterways
Report card (QG base
funding)

2015 to December 2026

Wet Tropics waterways

Assess the condition of the
Region’s nine catchments
and eight estuaries, as well
as the inshore marine and
offshore marine zones.

e  First Report Card in 2015
e Annual reporting

Assessment includes monitoring data for water quality, habitat/hydrology
and fish.

Link
DESI DRFA Riverine All Sediment Provision of services to provide maintenance and rehabilitation support to DESI DRFA Riverine
Efficiencies Resilience - Capacity existing riverine recovery sites that had disaster recovery investment Efficiencies Resilience -
Riverine Site Maintenance allocated post the 2017 Cyclone Debbie and 2019 North Queensland Riverine Site Maintenance
Program Monsoon Trough, whilst also facilitating capacity building, training and Program

employment opportunities in the natural resource management sector
May 2024 to June 2026 within local communities. May 2024 to June 2026
DES Streambank Herbert Systems repair Streambank remediation
Remediation - Herbert River . . .
sites The Herbert project is undertaking major on ground streambank

remediation works as part of work in priority reef catchments, as well as
April 2023 to June 2026 identifying and encouraging regional skills and capacity.
GBRF Mamu Helping Johnstone The proposed project will bring employment opportunities for Mamu

Country - Healthy Waters
Program Phase 2

July 2024 to December 2025

People, with the added benefit of building capacities in Mamu People for
sustained career pathways in waterway management.

This project will also focus on transgenerational cultural knowledge
transfer.
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13 Conclusions

The Wet Tropics Region plays a critical role in the health of the Great Barrier Reef (GBR) despite
comprising only 5% of the total GBR catchment area. With 33% of the total water flowing to the GBR
originating from this region, and two World Heritage Areas side by side, the Wet Tropics presents both
unique challenges and opportunities for water quality improvement.

This Synthesis Report consolidates and integrates multiple, complementary lines of evidence that
underpinned the development of the Wet Tropics Regional Water Quality Strategy. The synthesis draws
on monitoring data, modelled estimates of pollutant loads and exposure, analyses of land use and
catchment conditions, ecosystem and water quality condition assessments across freshwater, estuarine
and marine systems, the Spatial Management Prioritisation project, and social and behavioural evidence
relating to management practice adoption. The evidence is structured in a logical and sequential
framework aligned with the Strategy’s systems logic, providing the analytical basis for evidence-based
decision-making and for the prioritisation, scaling and spatial targeting of management responses and
delivery across the Region. The key messages from the synthesis of evidence for the development of the
Wet Tropics Regional Water Quality Strategy are summarised below.

1. Improving water quality is fundamental to sustaining and restoring the Region’s aquatic
ecosystem values and requires coordinated action across multiple, interdependent domains.

The synthesis demonstrates that poor water quality remains a significant and ongoing pressure on
freshwater, estuarine and inshore marine ecosystems in the Wet Tropics Region, limiting ecosystem
condition, recovery and resilience. Elevated nutrient, pesticide and sediment exposure continues to
affect priority ecosystem values, including wetlands, seagrass meadows, coral reefs and culturally
significant waterways, and exacerbates vulnerability to climate-driven disturbances. The evidence
indicates that improving water quality is therefore a necessary pre-condition for sustaining ecosystem
health and supporting recovery across the Region.

The synthesis of evidence shows that achieving sustained water quality improvement cannot be
addressed through a single intervention pathway. Reducing pollutant inputs at source is essential, but
must be complemented by rehabilitation of landscape processes that influence pollutant transport,
attenuation and connectivity, as well as by delivery approaches that build regional capability, trust and
collaboration (see point 3). Collectively, the evidence supports the need for integrated action that
combines improvements in land and water management practices, restoration of natural system
function, and mechanisms that enable effective, sustainable and scalable delivery, rather than pursuing
any one approach in isolation.

2. Effective water quality management must be targeted at appropriate spatial scales, with basin-
specific priorities reflecting differences in pollutant sources, exposure pathways and ecosystem
risk.

While the basins of the Wet Tropics Region share broadly similar land use patterns and catchment
characteristics, the synthesis shows that pollutant sources, dominant transport pathways and ecological
exposure vary between basins and catchments. These differences result in basin-specific risk profiles for
nutrients, sediments and pesticides.

The evidence supports a basin-scale management approach, complemented by localised and system-
specific interventions where required. Nutrient and sediment management priorities differ between
basins based on land use and catchment processes, while pesticide risk is strongly influenced by spatially
concentrated land uses and episodic exposure. Scaling management responses with basin-specific risks
enables more targeted and strategic investment, distribution of effort, and strengthens the capacity of
the Strategy to deliver measurable improvements in water quality and ecosystem condition.
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3. The evidence indicates that achieving the Regional Outcome requires coordinated action across
three complementary action areas that address pollutant sources, landscape function and
delivery capacity.

The synthesis shows that reductions in pollutant exposure cannot be achieved through changes to land
management practices alone. Evidence from across the Region demonstrates that while targeted
improvements in agricultural and urban land management are essential to reducing nutrient, sediment
and pesticide inputs at source, the effectiveness of these actions is strongly influenced by the condition
and functioning of natural systems that mediate pollutant transport and attenuation. Historical loss and
degradation of wetlands, riparian vegetation and connectivity have reduced the capacity of the
landscape to buffer downstream ecosystems, indicating that active natural systems repair is required
alongside practice change to achieve sustained water quality improvements.

The evidence also indicates that the scale, sustainability and effectiveness of water quality
improvements depend on delivery mechanisms as much as on technical solutions. Analyses of practice
adoption, social monitoring and program outcomes show that uptake of high-impact practices remains
low in the absence of trusted delivery models, adequate capability and enabling policy and investment
settings. Where collaborative, regionally led approaches have been implemented — including
engagement with industry, communities and Traditional Owners — measurable progress in adoption and
risk reduction has been achieved. Collectively, these findings support the need for integrated action
across sustainable land use and management, natural systems repair, and actions that enable scaled
delivery, as a necessary pathway to achieving the Regional Outcome and advancing all three Regional
Objectives.

Collectively, the findings from the Synthesis provide a clear justification for prioritising water quality
improvement as a foundational strategy to protect and enhance the Region’s environmental values,
support ecosystem resilience, and deliver co-benefits for social, cultural and economic outcomes.

Pollutant sources and impacts

DIN remains a primary water quality concern in the Wet Tropics, with modelled loads indicating a 1.2 to
5.1-fold increase from pre-development levels. The Lower Herbert basin generates the highest annual
average DIN loads across the entire GBR catchment area, followed by the Johnstone, Tully, and
Mulgrave-Russell basins. Sugarcane production is the dominant source (46% of total DIN export),
followed by bananas (15%) and grazing (9.4%). The relative contribution from these land uses varies
significantly between basins, with the Daintree being the only basin where conservation land is the main
source of DIN (75%).

The primary DIN loss pathways also vary by basin, with seepage being dominant in the Johnstone (64%),

Tully (62%), Murray (60%), and Lower Herbert (70%), while diffuse dissolved sources are more significant
in the Daintree (84%), Barron (66%), and Upper Herbert (98%). This spatial variability highlights the need
for basin-specific management approaches to address DIN reduction.

While the Wet Tropics Region contributes less to the total GBR fine sediment load compared to other
regions, specific basins such as the Herbert (particularly the Upper Herbert) and Johnstone export
substantial amounts. In contrast to other GBR regions where gully erosion is the primary source, hillslope
erosion dominates in the Wet Tropics (54%), followed by streambank erosion (44%). Dominant sources
vary across basins, with streambank erosion being most significant in the Barron (54%), Johnstone (44%),
and the Tully (48%), and, while conservation land is the main contributor in the Daintree (47%),
Mossman (36%), and Murray (43%)).

Pesticide risk across the Wet Tropics shows considerable spatial and temporal variation. The Murray
River at Bilyana consistently shows the highest risk levels (10.4-19% species affected), while sub-
catchment data from Catherina Creek in the Herbert River catchment reveals significantly higher risk
levels (52.3-55.5% species affected) than end-of-catchment monitoring. Diuron (a PSII herbicide) and
imidacloprid (an insecticide) are the dominant contributors to pesticide risk across the Region. The
spatial distribution of risk underscores the importance of considering localised impacts, particularly in
areas directly influenced by agricultural activities.

Wet Tropics Regional Water Quality Strategy: Synthesis of supporting evidence, June 2026 v2.0
150



Basin-specific characteristics and management priorities

The eight river basins within the Wet Tropics exhibit distinct characteristics that require tailored
management approaches:

Daintree: With 86% conservation land and only 8% grazing and 2% sugarcane, the Daintree has
the lowest anthropogenic pollutant loads in the Region. However, localised agricultural areas
may still contribute to water quality issues, and riparian vegetation has experienced some loss
(5% for streams/rivers, 34% for floodplain wetlands).

Mossman: Approximately 73% conservation and relatively small agricultural areas (9%
sugarcane, 6% grazing) contribute to nutrient and pesticide loads. The Mossman has experienced
the highest proportional loss of floodplain wetland riparian vegetation (88%) in the Region,
emphasising the need for riparian restoration.

Barron: Diverse land uses (35% conservation, 31% grazing, 4% sugarcane, 3% cropping) create
multiple pollutant sources. The Barron consistently shows the poorest estuarine water quality
(‘'moderate’ condition) in the Region and has lost 82% of its floodplain wetland riparian
vegetation, making it a high priority for riparian restoration.

Mulgrave-Russell: Large proportion of conservation areas (~70%), but important agricultural
areas (12% sugarcane) contribute significantly to DIN loads (50% from sugarcane). Riparian
vegetation loss has been substantial (21% for streams/rivers, 27% for floodplain wetlands).
Johnstone: With a smaller proportion of conservation areas compared to northern basins (56%),
and a mix of grazing (23%), sugarcane (11%), dairy (2%), and bananas (2%), the Johnstone has
the highest anthropogenic fine sediment loads and the highest loss of riparian vegetation from
streams and rivers (40%). Bananas (34%) and sugarcane (33%) are both significant DIN
contributors.

Tully: High proportion of conservation land (73%), but heavy agricultural focus (12% sugarcane,
2.4% bananas) in the coastal areas results in significant DIN loads, with sugarcane (35%) and
bananas (32%) being the main contributors. The Tully has experienced the highest proportional
wetland loss historically (49%).

Murray: Predominantly sugarcane (17%) with some grazing (7%), the Murray consistently shows
the highest pesticide risk levels at the end-of-catchment monitoring site (10.4-19% species
affected). Approximately 63% conservation land, largely in the upper basin.

Herbert: The largest basin in the Region (45% of the Wet Tropics area) with distinct upper and
lower sections, and the smallest proportion of conservation land (32%). The Upper Herbert is
dominated by grazing (33% of fine sediment load) and contains 97% of the mapped gullies in the
Wet Tropics. The Lower Herbert is heavily influenced by sugarcane production, contributing 84%
of the basin's DIN load.

Progress and challenges in water quality improvement

Several key themes have emerged from water quality improvement projects across the Region:

1.

Local-scale monitoring and feedback loops have proven effective in engaging landholders by
directly addressing the questions such as: "Is it my nitrogen?" This approach fosters ownership
and willingness to adopt best practices.

Place-based, collaborative approaches that build trust and recognise the value of local
knowledge have been more successful than top-down approaches. Peer-to-peer learning
networks and demonstration farms provide real-world evidence of the benefits of improved
practices.

Economic considerations remain critical to practice adoption. Financial incentives accelerate the
adoption of improved practices, particularly when they align environmental and production
goals.

Multiple co-benefits can be realised through water quality improvement projects, including
biodiversity gains, soil health improvements, carbon sequestration, and fish habitat
enhancement.
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Future Directions

To accelerate progress toward water quality targets in the Wet Tropics, future efforts should:

1.

Target basin-specific priorities based on the dominant pollutant sources and loss pathways in
each basin.

Focus on high-impact sub-catchments where localised water quality issues may be significantly
worse than end-of-catchment monitoring suggests.

Continue to invest in innovative technologies and methods that can achieve land management
improvements and water quality outcomes more efficiently.

Strengthen extension and support services that build trust, recognise local knowledge, and
provide practical assistance to landholders.

Explore alternative funding mechanisms such as Reef Credits to provide sustainable, long-term
incentives for practice change.

Incorporate Traditional Owner knowledge and aspirations in water quality planning and
implementation, recognising the deep cultural connections to waterways and the desire of First
Nations peoples to be more involved in caring for Country.

Address urban water quality issues through improved stormwater management, wastewater
treatment, and urban planning.

The challenges facing water quality in the Wet Tropics are complex and varied, reflecting the diverse
landscapes, land uses, and communities within the Region. However, the accumulated knowledge from
past projects, together with growing engagement from landholders, industry, and Traditional Owners,
provides a strong foundation for future water quality improvements. By building on these strengths and
addressing the identified gaps, the Wet Tropics Regional Water Quality Strategy can make a significant
contribution to the health and resilience of both the Wet Tropics and Great Barrier Reef World Heritage

Areas.
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15 Appendices

Appendix A: Land uses across the Wet Tropics Region
Table 46. Area of different land uses in the Wet Tropics Region (hectares) (Queensland Government 2021).

Basin | Bananas Conservation Dairy Dryland Forestry | Grazing | Horticulture Irrigated Other Sugarcane Urban Water
Management Unit Cropping Cropping
Daintree 1 181,483 0 16 0 16,879 124 91 290 3,800 2,352 5,491
Mossman 3 34,592 0 3 35 2,645 66 14 1,048 4,436 2,550 2,287
Barron 2,383 75,974 842 214 23,875 68,074 6,503 7,334 3,677 8,489 13,457 8,001
Mulgrave-Russell 1,075 140,785 73 383 672 11,128 484 159 2,867 23,177 6,883 9,788
Johnstone 5,098 129,132 4,302 668 316 52,411 1,207 482 1,536 24,340 6,610 5,549
Tully 3,957 121,065 0 104 2,885 11,348 384 62 550 20,148 1,973 4,368
Murray 448 70,118 0 89 10,282 7,296 365 22 621 18,881 1,262 3,119
Herbert basin total 0 312,668 474 974 45,396 496,307 479 4,149 1,921 76,479 6,690 39,644
Lower Herbert 0 130,442 0 0 23,491 61,138 120 82 916 75,621 2,517 18,731
Upper Herbert 0 182,225 474 974 21,905 435,169 359 4,067 1,005 858 4,173 20,913
Total 12,965 1,065,817 5,692 2,451 83,461 666,089 9,611 12,314 12,510 179,749 41,775 78,246
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Appendix B: Modelled annual average end-of-catchment pollutant loads in the Wet Tropics Region
Table 47. Modelled annual average end-of-catchment dissolved inorganic nitrogen (DIN) loads (tonnes) in the Wet Tropics Region (DETSI 2026).
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Daintree 325 63 388 0 291 0 0 26 1 1 0 64 5 0 324 7 57
Mossman 29 45 74 0 22 0 0 0 4 0 2 2 36 6 0 35 4 2 32
Barron 35 83 117 11 15 0 0 6 9 8 4 10 24 4 26 0 78 2 24 14
Mul §
:ui;ae‘l’le 205 | 401 | 605 | 63 | 158 | o 2 1 33 4 1 6 19 | 303 | 16 0 220 | 54 | 19 | 312
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Tully 258 472 731 | 237 | 190 0 1 5 35 3 0 1 1 254 4 0 239 40 1 451
Murray 108 227 335 28 67 0 0 20 14 2 0 1 0 200 3 0 108 28 0 200
Management Units in the Herbert basin
Herbert basin
total 222 941 | 1163 0 102 1 1 31 | 178 1 3 4 1 827 15 0 335 | 137 1 690
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Table 48. Modelled annual average end-of-catchment fine sediment loads (kilotonnes) by land use and basin in the Wet Tropics Region (DETSI 2026).
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Daintree 69 44 112 0 52 0 0 0 15 1 1 0 37 4 1 0 0 75 37
Mossman 10 6 15 0 5 0 0 0 1 0 0 0 5 3 1 0 0 10 5
Barron 84 57 141 1 19 0 0 5 28 5 4 1 76 1 1 0 3 62 76
Mulgrave-Russell 42 50 92 1 31 0 2 0 7 3 1 1 31 14 2 0 0 61 31
Johnstone 111 225 336 4 58 8 3 0 85 8 3 1 147 16 2 0 2 186 147
Tully 53 51 105 2 32 0 1 0 6 2 1 0 50 9 1 0 0 54 50
Murray 19 15 34 0 15 0 0 1 1 2 0 0 9 5 0 0 0 25 9
Management Units in the Herbert basin
't"oet;kl’ert basin 0 61 0 1 11 | 9% 1 2 o | 170 | 16 1 0 20 | 172 | 170 o 61 0
Lower 63 | 75 | 137 o 35 0 0 2 22 0 0 0 61 | 16 1 0 1 75 | 61
Herbert
Upper
119 104 224 0 27 0 1 10 74 0 2 0 109 0 0 0 18 96 109
Herbert
Wet Tropics Total 569 626 1,195 7 274 9 8 18 240 22 12 3 525 68 9 0 25 646 525
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Table 49. Modelled annual average end-of-catchment particulate nitrogen loads (tonnes) in the Wet Tropics Region (DETSI 2026).

Pre-development and
X Land use Process
anthropogenic
Basin | E o . ) o
c ‘a o o < 23
Managc?ment g_ g ] @ g g_ > . 5 8‘ . c o c N Q c
Unit 5 19) oS c i = = < < = = o 2 & © [ > ° g}
° o oy © e = (@) 3 N 3 O < [ b o o S - [
> 2 8 = 2 o] T 5 2 5 e & s 53 5 = © = s
< < o @ c c = (C] S 3 2 E = T 2
T = Lol o ) © = N =]
¢ | e z T =2 ? ?
a (=] =
Daintree 716 265 981 0 679 0 0 0 217 2 4 52 22 5 0 0 929 52
Mossman 33 23 56 0 28 0 0 0 4 0 0 0 6 17 1 0 0 50 6
Barron 241 204 445 4 131 1 0 24 157 14 9 1 97 3 3 0 5 342 97
Mulgrave-Russell 315 243 559 2 300 0 7 1 56 9 1 1 30 145 6 0 0 528 30
Johnstone 652 1,099 | 1,752 22 568 63 11 2 812 29 10 3 147 75 10 0 2 1,602 147
Tully 271 178 449 9 230 0 2 3 40 5 1 1 72 82 3 0 0 377 72
Murray 86 74 160 0 77 0 1 5 7 4 0 0 9 55 1 0 0 151 9
Management units in the Herbert basin
Herbert basin 585 601 1,186 0 343 3 3 56 428 2 4 1 227 118 2 0 22 938 227
total
Lower 264 | 297 | s61 | o | 218 | o 0 8 | 134 | 1 0 0 80 | 118 | 1 0 2 | 479 | 80
Herbert
Upper
321 304 625 0 125 3 3 47 294 1 4 0 147 0 1 0 20 458 147
Herbert
Total 2,900 | 2,686 | 5,587 39 2,355 67 25 91 1,721 64 30 8 640 517 31 - 31 4,916 640
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Table 50. Modelled annual average end-of-catchment particulate phosphorus loads (tonnes) in the Wet Tropics Region (DETSI 2026).

Pre-development and
. Land use Process
anthropogenic
Basin | 'g o c & £
c S o a ™
Management g_ g K @ ,g g > o 5 3 _ Q c _ 9 <
Unit o o o c S ey 2 2 £ 3 S ] a S o 3 = ) =
g & w 2 5 3 =t g 8 2 > £ = 5 = 5 3 =@ E
> 2 pi) [=) -] s s (o) o0 S = (C) = &
3 < o a c £ e © £ 2 5 I g
3 c = S = T (3 @ &
S < j =
[-% (=] =
Daintree 128 48 177 0 120 0 0 0 30 1 1 0 16 8 1 0 0 160 16
Mossman 7 10 17 0 5 0 0 0 1 0 0 0 2 0 0 0 15 2
Barron 52 56 109 2 11 0 0 3 31 6 5 0 47 2 1 0 1 58 47
Mulgrave-Russell 55 76 131 3 46 0 5 1 21 5 1 0 21 26 2 0 0 107 21
Johnstone 155 470 625 17 93 29 5 1 256 14 5 0 162 40 3 0 4 442 162
Tully 49 63 113 11 34 0 1 0 8 1 1 0 37 20 0 0 0 65 37
Murray 11 18 29 1 9 0 0 1 1 1 0 0 4 12 0 0 0 24 4
Management Units in the Herbert basin
:‘o‘i;kl’e” basin 116 | 172 | 287 | o 47 1 2 8 89 1 3 0 % | 46 1 0 12 | 18 | 90
Lower 36 88 124 0 21 0 0 1 20 0 0 0 36 45 0 0 1 87 36
Herbert
Upper 80 84 163 0 26 1 2 7 69 1 3 0 54 0 0 0 11 99 54
Herbert
Total 574 | 914 | 1,488 | 32 | 364 | 30 13 15 | 438 | 29 16 2 381 | 162 7 0 18 | 1,057 | 381
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Appendix C: Additional pesticide data

Table 51. Maximum detected time integrated pesticide concentrations at fixed inshore marine passive sampling sites from 2016—-2017 (top) and 2017-2018 (bottom). Colour coding reflects lowest
(green) to highest (red) values for each pesticide between the monitored.

Mmmum<m:en:.:::¢|:|¢::{::|:;l:lu+;::::nm=|ms Ing/L} g i Ides {ng/L]
. . . . PSI- %“ o el &
. y | % | = §| v | | % | w|¢x E | g (M| 3 a s 2 o | 8| ®| @
sampling sites E E E ,? a.? g E § E E e | E E g 1 E i 3 ﬁ = E £ E = 2 E 5 _g .a =
& |8 =R e I B B A = = E g |G| B|E|"
Low Isles 23 nd  nd nd nd nd nd nd nd nd nad nd  nd &
High isard nd. | 13 nd B8 0 na 2o [BEENEEE na nd nd nd nd L0 nd -]
Wet Trapics Narmanby tsland Mo data far 2006-17 il
Durk sland nd. o6& o na nd | 74 nd 14 nd  nd
Lucinda nd. nd  nd nd 018 nd | B8 [} ek m nd,  md B
Burdeiin farratia Creek nd, 027 D43 020 nd nd, nd 015 0N nd
Repulse Bay* nd | nd nd |
Miackay Round Top Island I nd
Whitsundays  gandy Creek nd
Sarinalnlet .28
[Fitnoy . Keppel |sland nd.

n.d. maxd mum pesticde cnmntration below limit of dotechion

* Data from oaly Gne et +eason samaling paricd avallabls 8 Pl
peromntile

Co;l:: ie::lf::dni:s’:::::‘:::;;g‘;lu Concentration other herbicides/ pesticides (ng/L)
A I T I R % | 5w [Pl 2| e | s e
_ o | £ 2| 5| B 2| RS £ gl 2| go|mmeaed) 5| 5| 5| 0| 8¢
Region Passive sampling site g E s ® _FS g E GE) g g H g g ‘—é 3 :,‘: B
S| <% &1 8] =8 & - g s | & 2
Low Isles n.d. 0.24 nd. n.d. n.d 0.46 n.d nd. 0.43 n.d n.d nd. n.d. n.d. 1.0 n.d. n.d.
High Island nd. nd. 0.10 n.d. nd. nd. 25 n.d. nd.
Wet Tropics Normanby Island n.d. n.d. n.d. n.d. n.d.
Dunk Island nd. n.d. 0.10 nd. n.d.
Lucinda n.d. n.d. n.d. n.d. nd. n.d.
Burdekin Barratta Creek n.d. n.d. 18 n.d. n.d.
Repulse Bay nd. nd. 0.06 0.19 n.d. n.d.
Mackay Round Top Island nd. nd. nd. n.d. nd.
Whitsundays Sandy Creek” n.d. n.d. n.d. n.d. n.d. n.d. .d.
Sarina Inlet n.d. .d. .d. . n.d. n.d. n.d. - n.d. n.d. n.d. 0.62 n.d. n.d.
Fitzroy North Keppel Island .d. . nd. .d. .d. .d. .d. .d. nd. nd. nd. 0.19 n.d. nd. nd. - n.d. nd.

n.d. = maximum concentration did not esceed the limit of detection

Concentratio 50

percentile

— -

“Note only 2 successful sampling periods nrange
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Appendix D: Recent water quality related projects and programs in the Wet Tropics Region, 2016 to 2024

Table 52. Recent water quality-related projects and programs in the Wet Tropics Region.

Project/Program Focus Overview

(Year)

Objectives

Reference

Wet Tropics Region-wide or multi-basin projects and programs

Reef Alliance - Phase 2
Nutrient Management
Plan Project, Wet
Tropics Sugar Industry
Partnership (WTSIP)

May 2016 to June 2019

Nutrients
Sugarcane

Extension officers work
with sugarcane farmers
to customise whole-of-
farm nutrient
management plans
(NMPs)

The project delivered targeted grants, a series of soil health workshops and one-on-one
extension support. This resulted in 297 sugarcane farmers managing 74,092 hectares with
confirmed practice change and 325 nutrient management plans produced in the year of
2017 to 2020.

Project also reported social outcomes.

Australian Government

Nutrients — DIN

Reduction in DIN runoff

Catchments: Herbert, Murray, Tully, Johnstone, Mulgrave-Russell

Reef Trust IV-Tenders Sugarcane from cane farms using Funds allocated to 39 cane growers through a competitive market-based program.
new nutrient Collectively reduced nitrogen application by 870 tonnes by mid-2021 (92% towards target)
July 2016 to April 2023 management practices. Involvement in the project is increased adoption of best management practices and added
to farmers’ understanding of the links between land-based practice and impacts on water
quality.
Queensland Improve the condition of Wet Tropics Region-wide approach to the prioritisation and planning for the removal of
Government Natural 1,000 ha of priority native emerging weed threats
Resources Investment woody and non-woody The planning and prioritisation will guide the implementation of targeted on-ground
Program Native vegetation by addressing threat reduction activities such as weed control and revegetation.
Vegetation the serious current and
Improvement future impacts of
transformer invasive
August 2018 to June species.
2022
Queensland Communicate the Highlights regional activities that are undertaken by key stakeholders to deliver on these
Government (OGBR) important of water targets.
Paddock to Reef quality science and Particular focus on management activities implemented by the sugarcane and banana
Program reports on targets industries.
Collects and integrates regional data and information on land management practices
June 2008 to June 2026 focusing on fertiliser and pesticide use.
Information, results and products derived from the P2R project are disseminated to
regional stakeholders and used to prioritise future investment in GBR-related activities
Australian Government | Sediment Helps farmers to improve Innovative, farmer-driven soil extension program operating throughout the Wet Tropics.
National Landcare Soil health soil health and farm 64 farming businesses completed the Digging Deeper Plus program.
Program: Healthy Productivity sustainability by More than 100 farmers attended workshops.
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Project/Program Focus Objectives Overview Reference
(Year)
Farming Futures - Capacity addressing issues ranging | e Increased interest in soil health in the Region.

Digging Deeper

e Healthy Farming
Futures: Wet Tropics
Farmers Driving Soil
Health Solutions.

August 2018 to June
2023

from soil acidification to
declining carbon.

Built on capacity of Wet Tropics soil Landcare groups and extension professionals,
resourcing soil events and an online soil DIY manual to reach a wider farming group and
grow the emerging soil care culture in the Wet Tropics farming community.

DAF Extension Support

July 2018 to June 2021

Nutrients - DIN

Targeted and coordinated extension to support large scale land management practice
change in the GBR catchments to improve water quality outcomes.

Terrain worked with Cape York NRM to ensure delivery in the Wet Tropics and Cape York
Catchments. The collaboration with Cape York is unique. Whilst other catchments have a
single coordinator and plan for each, Terrain and Cape York have one plan for both regions
and have then allocated coordination of commodities to achieve best fit with the
landscape. The Wet Tropics based staff coordinates bananas and sugar

NAB Reef Credits

Partnership project between Terrain NRM and Green Collar a leading environmental
markets developer to support landholders to improve water quality and health of the GBR

March 2018 to though Reef Credits, the first reef water quality environmental market in Australia. Reef
November 2019 Credits place a monetary value on water quality improvements to drive on-ground action.
e New approach designed to engage a new source of reef investment, providing farmers
with greater surety, and ability to plan for long-term improvements.
e  Two years’ funding enabled the employment of a Reef Credits engagement officer to
accelerate community uptake.
GBRFWQ1 Nutrients — DIN e  GBRF1 WAQis a continuation of RTIlII Cane commodity. GBRF1 WQ is a Reef Alliance project
Pesticides administered by Queensland Farmers Federation.
June 2019 to April 2020 | Sugarcane e  GBRF1 WAQ continues engagement and delivery of extension services and products to
support Wet Tropics sugarcane farmers improve their land management practices.
Managed through WTSIP
GBRFWQ 2 Nutrients — DIN e  Extension of the Reef Trust Il and GBRF1 WQ projects.
Pesticides e Providing extension services to enable farmers to continue improving and adopting Best
Dec 2019 to July 2021 Sugarcane Management Practices to reduce the impacts of agricultural runoff to the GBR.
DES Cassowary Credits | Soil health e  Continuing from Pilot LRF Cassowary Credits (started in Jul 2019)
Biodiversity e  Develop and trial a biodiversity-based ecosystems credit; establish a Cassowary Credits

Mary 2023 to March
2026

system and build capacity of community to engage in the ecosystems services market.
Develop framework and templates for Accounting for Nature for scheme.
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Project/Program Focus Objectives Overview Reference
(Year)

e  Stage 3 of the Cassowary Credit Scheme will continue to build on the already completed
work and progress the remaining steps that will establish mechanisms and enable
opportunities for generating investment for biodiversity outcomes.

e  The funding will allow progress in three critical areas:

e Establishing effective mechanisms to enable investment;
e Pilot testing; and
e Building regional capacity to participate in large scale restoration initiatives,
including biodiversity credit markets.
2023 NGE sediment Sediment e Assessment of sediment risk from all catchment landscapes in the Wet Tropics.
risk - all catchments e  Prioritise sites for gully, streambank and landscape/hillslope remediation to reduce fine
sediment losses.
March 2024 to 2025
Cane Changer and Sediment e  Started in 2016-behaviour change improved practices through Smartcane BMP. 2016 half Pickering et al.
Cane Changer 2.0 Nutrient - DIN of WT benchmarked, 2021 84% WT benchmarked with 48% accredited. (2019b)
e  Management practice change for SmartCane BMP adoption and accreditation
2016 to June 2021 e  Extension.
[ ]
DAF BMP Cane Nutrient - DIN e Use of residual herbicides in cane ratoons
Extension e Matching N to crop needs
EECWT 04 Nutrient — DIN e Includes flexible project funding, as well as funding specifically to facilitate grower Peer-
DAF P2P-Soil Health to-Peer learning groups. Flexible funding aims to deliver targeted extension activities to fill
Coaches gaps in the current effort to achieve regional water quality targets. The Peer-to-Peer
learning component focusses on providing funding for Peer-to-Peer activities to ensure
January 2019 to June that producers that are less engaged in other extension programs are encouraged to
2021 participate in Peer-to-Peer groups longer term.
e  Three Rounds: Rd 1 & 2 ended Dec 2020, Rd 3 ended Jun 2021 (5 P2P projects)
Hort 360 BMP-Phase 2 | Sediment e Promote and support horticulture best management practices, across the GBR
Nutrient catchments, to deliver environmental sustainability and GBR water quality outcomes
December 2022 to June | Pesticide relating to the reduction in nutrient, sediment and pesticides loads from horticultural
2026 production areas whilst ensuring profitable outcomes.

e Improving knowledge and farming practices nutrient, sediment and pesticides of
horticultural producers will ensure sound profitable outcomes for their businesses,
building on the success of the Hort360 GBR BMP Phase 1 Project.

Horticulture 360 Sediment e Pesticide, Soil, Nutrient Management.
GBRBMP Nutrient
Pesticide
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Project/Program Focus Objectives Overview Reference

(Year)

RP 120 Improving NUE Nutrient - DIN e Sugar Research Australia evaluated nitrogen use-efficiency and effectiveness of blocks
where cane yield potential may be restricted, for example by poor drainage and

February 2019 to April harvesting late in the season.

2021 e  The project is assessed the crop response to nitrogen under different soil, water and
harvesting constraints.

RP219 Farming in Reef Nutrient e  One-off rebate of up to $1,000 to eligible commercial agricultural producers in selected

Catchments Rebate Sediment Reef regions. The rebate is to help offset the costs of obtaining professional and

Scheme agronomic advice for nutrient and sediment management to meet the new Reef
protection regulations. The rebate is available to graziers, sugarcane growers and banana

May 2018 to June 2023 growers in the Wet Tropics,

Smartcane BMP - Sediment e Deliver an accreditation pathway to enable growers to be certified in the water quality

Phase 3 Nutrient sections of the BMP program.

Pesticide e  CANEGROWERS is delivering Phase 3 ($6 million of extension, education and training) of
September 2018 to Sugarcane the Smartcane Best Management Practice (BMP) program.
February 2023 e The Smartcane program is an industry developed, robust and practical voluntary system

that is about improving productivity, profitability and sustainability of farm enterprises.
Phase 3 aims to:

e encourage practice change

e benchmark growers' practices

e help growers achieve accreditation

e provide data to P2R.
Phase 3 builds on an earlier $8.25 million commitment to the Smartcane BMP.
Smartcane BMP provides growers with a mechanism for benchmarking their practices,
creating action plans, and demonstrating to the wider community that environmental
stewardship and production methods are integral for a productive, profitable, and
sustainable cane industry. Smartcane BMP also encourages and supports improvements
incane management practices for increased efficiency, productivity, and further
reductions in nutrients, chemical and sediment export to waterways and the GBR lagoon.
The voluntary program has continued to engage cane growers across Queensland
progressing from Phase 1 to Phase 2 through to Phase 3.
Increase the number of accredited farming businesses in the Wet Tropics by 193 (to 51%
of cane land)

NESP Tropical Water Quality (TWQ) Hub Projects: Several NESP TWQ Hub projects have supported the Reef 2050 Water Quality Improvement Plan aim to reduce the delivery of nutrients from
the catchment to the GBR, with a particular focus on nitrogen, the primary driver of algal blooms in the GBR. The majority of the research focused on investigating solutions associated with on-

ground actions for reducing nitrogen losses and developing new instruments for facilitating management changes.

NESP Project 2.1.2
Scoping options for
low-lying, marginal
cane land to reduce DIN

Nitrogen

Alternative land use
options to reduce
nitrogen losses from
marginal sugarcane land

Mapped low-lying, marginal cane land with community and industry partners to identify
possible alternative uses, quantify the economic costs and benefits of land transition, and
identify constraints and opportunities for alternative land uses to reduce nitrogen.
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Project/Program Focus Objectives Overview Reference
(Year)
in priority Wet Tropics
catchments
Project 2.1.8 - Nitrogen Explore strategies to o The project tested different combinations of enhanced efficiency fertilisers (EEFs) and
Improved Water maintain sugarcane reduced N application rates tailored to the productivity zone yield potential (PZYP) rather
Quality Outcomes from productivity while than the district yield potential (DYP) as defined by the industry-standard Six Easy Steps (6ES)
On-Farm Nitrogen improving fertiliser N use nutrient management framework.
Management efficiency and reducing N | e EEFs improved fertiliser N recovery by crops and reduced dissolved N losses in runoff by up
losses in runoff and to 80% at one site (Silkwood) and by 30% at another (Freshwater) over two growing seasons.
drainage Additionally, the combination of lower PZYP rates and EEFs reduced deep drainage losses of
DIN by approximately 90% at Silkwood. However, when EEFs were applied at higher industry-
standard DYP rates, they sometimes resulted in similar or even higher runoff losses due to
slow-release N not being fully used by the crop during wet conditions.
e  The project concluded that reducing fertiliser N rates, regardless of the technology used, is
likely to reduce runoff and deep drainage losses, but the best water quality outcomes are
achieved when lower rates are combined with EEFs. However, the higher cost of EEF
products remains a barrier to widespread commercial adoption.
Project 3.1.4 - Nutrients, Examine success of e The study assessed project-scale and catchment-scale success, quantified co-benefits Paul et al. 2018
Optimizing the sediments previous riparian (biodiversity and carbon sequestration), and identified key drivers and barriers for

management of
riparian zones to
improve the health of
the Great Barrier Reef

vegetation remediation
investments at project
and catchment scale and
expand metrics of
success.

landholder participation in riparian zone management.
Key findings included that riparian remediation projects generally resulted in improved
vegetation condition and water quality outcomes over time, with greater benefits observed
in older projects where grazing pressures were low. However, projects often did not achieve
full rehabilitation due to most project areas being relatively narrow in width leading to
persistent poor vegetation cover, erosion, and weed issues.
The study also highlighted the importance of aligning environmental and production goals, as
financial incentives were found to be a primary driver of landholder participation. Social
survey findings revealed the need to overcome normalising behaviours and perceptions that
riparian remediation projects are impractical or costly. The study recommended expanding
the definition of success to include multiple environmental benefits, such as biodiversity
gains and carbon sequestration, to strengthen emerging incentive schemes like Reef Credits.
Landholders in sugarcane and urban areas of the Wet Tropics identified weed control and
mix of species important drivers of successful revegetation.
Graziers from the Atherton Tablelands found livestock exclusion and weed control were key
drivers of a successful project.
In the Wet Tropics Region, the study identified that while riparian projects can achieve
positive outcomes, challenges remain regarding project connectivity, size, and ongoing
management, particularly in areas with high agricultural land use.
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Project/Program
(Year)

Focus

Objectives

Overview

Reference

Project 3.1.6 - Exploring
trading in water quality
credits as a cost-
effective approach for
managing water quality
in the Great Barrier
Reef

DIN, sediments

Investigate whether
trading in water quality
credits can provide a
cost-effective mechanism
for economic growth
without jeopardising the
water quality
improvements achieved
under the Reef 2050
WQIP. The project scopes
opportunities for trading
DIN and sediment credits
in representative
catchments along the
GBR coastline

Supply of DIN Credits: Constructed treatment wetlands in the Wet Tropics were identified as
the most cost-effective source of DIN credits, with an estimated cost of $40-$60 per kg DIN
and the potential to supply 550-750 kg DIN credits per hectare annually.

Demand for DIN Credits: Demand for DIN credits may arise from point source emitters such
as sewage treatment plants (STPs) and aquaculture facilities. Estimated potential demand
ranges from 10 to 22 tonnes per year across various Wet Tropics catchments, with a
willingness to pay of approximately $45-$100 per kg DIN credit.

Project 3.1.8 - Nitrogen, To explore innovative e The project developed a prototype parametric insurance product for sugarcane farmers to Thorburn et al.
Innovative economic sugarcane economic levers, insure against the risk of yield loss from reducing N fertiliser application rates. 2020
levers: a system for specifically insurance, to e The product leverages crop modelling (using APSIM) to assess risk and quantify losses, as
underwriting risk of help sugarcane farmers in traditional indemnity insurance based on empirical data was not feasible due to limited data
practice change in the Wet Tropics reduce availability.
cane-farming their N fertiliser e The insurance prototype showed that premiums could be less than the money saved on
application rates while reduced fertiliser applications in many cases.
managing their risk of e Participatory processes with farmers revealed positive feedback, suggesting that such an
yield loss. insurance product could help address their fear of profit loss and encourage them to reduce
N fertiliser rates.
e International insurance companies found the concept to be sound, but barriers to
commercialisation include high set-up costs, uncertainty about demand, and the need for
education and trust-building among farmers.
Daintree
Australian Government | Sugarcane Improve farming e The project helped speed up the development of innovative farming practices that

Project Catalyst

Nutrients - DIN

performance and
environmental outcomes

improve the quality of water leaving cane farms - 33 cane farms with 37 projects across
Wet Tropics.

July 2016 to June 2019

Queensland Sediment Stabilise eroded e On-ground works to stabilise eroded streambanks via engineering works within the
Government Streambank streambanks & protect affected council regions and re-establish vegetation at these streambank locations via
Department of Science | repair infrastructure assets revegetation activities.

& Innovation Disaster
Recovery Funding
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Project/Program
(Year)

Focus

Objectives

Overview

Reference

Arrangements (DRFA) -
Disaster recovery

June 2019 to June 2022
Queensland Systems repair Riparian revegetation e Jabalbina Yalanji Aboriginal Corporation: Establishment of a substantial 630 m rainforest
Government OGBR corridor along the Daintree River at the culturally significant Wawu Dimbi “Place of

Reef Assist 2

September 2020 to June
2022

Spirits”, providing habitat for marsupials such as the Bennet’s Tree Climbing Kangaroo,
Spotted Quoll and Southern Cassowary, among other species.

Australian Government
RLP Fish Barriers

June 2021 to Jun 2024

Connectivity

Connect Wet Tropics
waterways for
sustainable recreational
fishing

Identify man-made barriers that are impacting connectivity between freshwater and
estuarine fish habitats in the Lower Barron, Daintree and Mossman catchments.

Australian Government | Wetlands Rehabilitate and restore e  Remediation of eroding riverbank near the Daintree ferry
- DISR Reef Coastal critical coastal habitat in e  Restoration of at least 100 metres of mangroves
Restoration in the the Lower Daintree e Improve fish habitat
Lower Daintree floodplain e  Develop a management plan with the community
e Alocal scale partnership and place-based planning approach with Council, landholders,
Traditional Owners, environmental engineers and the community.
DESI DRFA Riverine Sediment e Provision of services to provide maintenance and rehabilitation support to existing
Efficiencies Resilience - | Capacity riverine recovery sites that had disaster recovery investment allocated post the 2017
Riverine Site Cyclone Debbie and 2019 North Queensland Monsoon Trough, whilst also facilitating
Maintenance Program capacity building, training and employment opportunities in the natural resource
management sector within local communities.
May 2024 to June 2026
Mossman
Queensland Sediment Strengthening stream e  Cassowary and Saltwater sub-catchments in the Mossman area, north of Cairns.
Government Natural Streambank banks in the Mossman e 2 rock walls built
Resources Investment repair catchment to prevent soil | e«  2.51 ha revegetated

Program - Mossman

August 2018 to June
2022

loss caused by erosion
during wet season floods
and to restore vegetation
along creek and
riverbanks.

3,220 trees planted
17 tonnes of sediment prevented from reaching the reef
30 landholders engaged
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Project/Program Focus Objectives Overview Reference
(Year)
Australian Government | Sugarcane Improve farming e The project helped speed up the development of innovative farming practices that

Project Catalyst

Nutrients - DIN

performance and

improve the quality of water leaving cane farms - 33 cane farms with 37 projects across

environmental outcomes Wet Tropics.
July 2016 to June 2019
Queensland Sediment Stabilise eroded e On-ground works to stabilise eroded streambanks via engineering works within the
Government Streambank streambanks & protect affected council regions and re-establish vegetation at these streambank locations via
Department of Science | repair infrastructure assets revegetation activities.
& Innovation Disaster
Recovery Funding
Arrangements (DRFA) -
Disaster recovery
June 2019 to June 2022
Australian Government | Nutrient — DIN Improve productivity & e Agricultural extension support to growers
Reef Trust VII Sugarcane reduce nutrient runoff e  Focus on identifying and addressing crop constraints

Mobilising Murray &
Mossman

January 2021 to June
2023

e Water quality monitoring and on-farm treatment of runoff

e  Held Drains workshop with Sydney expert to preceded works in Murray & Mossman.
Whole of farm planning.

Improve productivity & NUE-address soil constraints including Ratoon Stunting Disease.
e Oneon one & peer to peer.

e  Wetland and drains (vegetated) work.

Australian Government
RLP Fish Barriers

June 2021 to Jun 2024

Connectivity

Connect Wet Tropics
waterways for
sustainable recreational
fishing

e |dentify man-made barriers that are impacting connectivity between freshwater and
estuarine fish habitats in the Lower Barron, Daintree and Mossman catchments.

Cane to Creek and
Cane to Creek 2.0 GBRF

Pesticide
Nutrient - DIN

e Works on-farm, small groups to address N & pesticides. Peer-to-peer learning & improves
understanding of drivers of water quality impacts.
e Includes water quality testing for pollutants as learning tool.

Barron

Queensland
Government OGBR
Reef Assist 2

September 2020 to June
2022

Systems repair

Riparian revegetation

e  Extension of Boots on the Ground project focusing on new sites.
e  Revegetation of degraded Atherton Tablelands landscapes, including planting and
maintaining 65,000 seedlings, plus 50,000 seeds collected and propagated.
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Project/Program
(Year)

Focus

Objectives

Overview

Reference

Australian Government
RLP Mangrove Fishway

June 2021 to June 2023

Connectivity

Removing man-made
barriers to fish
connectivity

e Improve fish passageway in tropical mangroves - upgrade culverts near Cairns airport.

e Improve hydrological connectivity.

e  Fish surveys and the remediation of at least one fish barrier (pipe culvert) on Ellie Point
Road, Kukujum (Cairns Airport).

Australian Government
RLP Fish Barriers

June 2021 to Jun 2024

Connectivity

Connect Wet Tropics
waterways for
sustainable recreational
fishing

e Identify man-made barriers that are impacting connectivity between freshwater and
estuarine fish habitats in the Lower Barron, Daintree and Mossman catchments.

Banana BMP Phase 2

November 2018 to
March 2023

Sediment
Nutrient

e The Australian Banana Growers' Council is delivering phase two of the Banana Best
Management Practice (BMP) program building on the success of the Better Bunch app
project which raised banana industry awareness of Reef water quality issues.

e At May 2019, 260 banana businesses managing 11,100 hectares were involved in the
Banana BMP.

e  Since 2014, $2.1 million has been invested in the Banana BMP program. An additional $1
million has been invested in an incentives program to help growers build or upgrade
infrastructure and to provide extension support for projects that will reduce sediment and
nutrient runoff.

Project 1622

November 2019 to June
2022

Nutrient - DIN
Sugarcane

e  Asuite of apps was developed, called 1622™, which combined data from diverse sources
to help sugarcane farmers optimise their crop management and reduce nitrogen losses.

e  The 1622™WQ app displays nitrogen losses at multiple sites within an agricultural
catchment. Growers can see information over a defined time period and can compare
multiple locations within a catchment. Farmers can see the influence of recent rainfall on
water quality, water quality variability across locations, and whether management actions
such as recent fertilising have affected nitrogen losses.

Project Uplift

June 2022

Sediment
Nutrient — DIN
Sugarcane

Improve water quality

e  The project works with and recognises growers who tweak their farming system in such a
way that soil health is improved, reducing operational time and cost whilst improving
water quality (reduced sediment, reduced DIN, reduced pesticide) for better reef
outcomes.

Radishes for Water
quality

July 2017 to May 2020

Horticulture

e Reduce pollutants in deep drainage and surface runoff by using daikon radish to increase
infiltration, improve water management through the soil, increase soil water holding
capacity through increased organic matter.

RP 223C Russell -
Mulgrave Complete
NMP for cane

RP 222C-with SRA

Nutrient — DIN
Sugarcane

e BuiltonRP 161

e Tailored nutrient and farm management plans.
e Facilitated progression of tailored N & P plans.
e |n 2yrs-87 growers, 100 Management Units
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Project/Program Focus Objectives Overview Reference
(Year)
e Included some growers in THE lower Barron - focus through mill area.
February 2020 to May
2022
Russell
Queensland Streambank Revegetation of at-risk e  Revegetation to improve condition and extent of woody & non-woody vegetation as well
Government OGBR repair riparian sites. as skill development and job creation.

Reef Assist 1 and 2

September 2020 to June
2022
Queensland Nutrients — DIN\ | Revegetation of natural e  Jaragun Ecoservices
Government OGBR Capacity and constructed wetlands | e  Revegetation of both natural and constructed wetlands for reductions in dissolved
Reef Assist 2 inorganic nitrogen pollutant loads to the Great Barrier Reef

e Provision of professional development opportunities including formal training in maritime
September 2020 to June operations, horticulture, first aid and fire management to leadership training.
2022
High intensity soil Nutrient Fine scale mapping e 1:10 000 scale soil survey across 2,025 ha of sugarcane land in the Russell River Morrison et al.
mapping for best management (paddock-scale) of soil Catchment. 2023
practice nutrient attributes to support e Used a range of remote sensing techniques and an electromagnetic induction sensor to
management in the uptake of best practice delineate and attribute soil boundaries.
Wet Tropics [Part of nutrient management. e EMI mosaic data, processes and workflows made available to growers and agronomists to
Precision to Decision support their interest to improve on-farm drainage management, as well as researchers to
Nutrient Management support understanding of groundwater flow pathways.
project above] e  Mapped soil attribute layers were tailored to align with thresholds set out in the sugar

industry best practice program SIX EASY STEPS®.

GBRF Mamu Healthy Capacity / 1. Identify cultural values | e  Terrain is partnering with Mamu Aboriginal Corporation to deliver Traditional Owner

Water

June 2021 to June 2024

Partnerships

and concerns across
Mamu waterways.

2. Develop water quality
monitoring program
including indicators that
address Mamu rights,
interests and values.

3. Build technical capacity
and provide employment
opportunities.

waterway planning to identify cultural values and concerns across Mamu waterways.

A water quality monitoring program will be designed and implemented during the project
to monitor indicators which address the Mamu rights, interests and values identified
during community consultation.

This project will assist Mamu people to manage Country, while building technical capacity
and providing employment opportunities.

Builds on Mamu Healing Country.

Bioreactor Trial Russell
Catchment

Nutrient - DIN
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Project/Program Focus Objectives Overview Reference

(Year)

September 2017 to June

2020

Cane to Creek and Pesticide e Works on-farm, small groups to address N & pesticides. Peer-to-peer learning & improves

Cane to Creek 2.0 GBRF | Nutrient - DIN understanding of drivers of water quality impacts.

e Includes water quality testing for pollutants as learning tool.

GBRF - EM Induction Nutrient - DIN e  Detailed soil maps for precision N management - support 6ES to reduce pollutants &

soil mapping improve productivity.

NLP WT Soil Sediment e  Soil management

Management

July 2019 to October

2021

Project 1622 Nutrient - DIN e  Asuite of apps was developed, called 1622™, which combined data from diverse sources

Sugarcane to help sugarcane farmers optimise their crop management and reduce nitrogen losses.

November 2019 to June e The 1622™WQ app displays nitrogen losses at multiple sites within an agricultural

2022 catchment. Growers can see information over a defined time period and can compare
multiple locations within a catchment. Farmers can see the influence of recent rainfall on
water quality, water quality variability across locations, and whether management actions
such as recent fertilising have affected nitrogen losses.

Project Uplift Sediment Improve water quality e  The project works with and recognises growers who tweak their farming system in such a

Nutrient — DIN way that soil health is improved, reducing operational time and cost whilst improving
June 2022 Sugarcane water quality (reduced sediment, reduced DIN, reduced pesticide) for better reef

outcomes.

Mulgrave-Russell

Mulgrave-Russell Water
Quality Program
(Australian Government
Reef Trust and GBRF)

2021 to 2024

$6 million

Two projects — listed
below

DIN reduction
from sugarcane

Cross-cutting
activity of
herbicide
management

Prevent 72 tonnes of DIN
loss from sugarcane land

Annual reduction of >9 tonnes of DIN achieved*.
82 sugarcane farmers improved nutrient management practices
11,000 ha of sugarcane production land positively impacted.
Targeted agronomic extension support provided to 38% of regional sugarcane growers.
Extension staff worked one-on-one with growers.
Grower access to new decision-making tools and data relating to nutrient management
and soil health to increase productivity, profitability, and sustainability.
Demonstration trials and water quality monitoring technical support.
Governance model
e Recognised importance of local leadership and oversight, as well as strategic and
technical guidance.

Mulgrave-Russell
Water Quality
Program:
Achievement and
Learnings (Reef
Trust and GBRF
2024)
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Project/Program Focus Objectives Overview Reference
(Year)
e Independent verification and engagement
e External verification of reporting.
e Communication improvements
e Scientists worked with science communication specialists to convey key messages
to improve grower and extension staff knowledge and understanding.
e Support and training provided for the interpretation and communication of water
quality results to growers.

e Technological innovations

e Trialled new herbicide application tool for targeting weeds rather than traditional
blanket-spraying method over 108 ha.

. * It was identified early that there would be a significant short-fall in the regional-level DIN target set
by the Alluvium Report due to limitations with the original investment scenario and the P2R projector
tool when estimating DIN associated with precision agriculture practices and nitrogen use efficiency.

Precision to Decision Improve e Electromagnetic soil mapping of 3,500 ha.

Nutrient Management management e Nine nitrogen rate trials on precision application of nitrogen and on different soil types.
practices e 82 farmers working across 11,000 ha.

Water Quality Paddock to e Farmers empowered to engage in participatory monitoring,

Monitoring and catchment e Improved understanding and relationships between scientists, farmers and agronomists.

Controlled Drainage water quality ¢ Identified DIN hotspots and targeted drainage systems to retain, divert and treat runoff.
monitoring e Demonstrated DIN runoff differences between rainforest and intensive agricultural areas

and impact of first major wet season rainfall event.

GBRF Mulgrave-Russell | Nutrient - DIN . Dauvis et al. (2019)

- Project 25

RP 223C Russell - Nutrient — DIN e Builton RP 161

Mulgrave Complete Sugarcane e Tailored nutrient and farm management plans.

NMP for cane
RP 222C-with SRA

February 2020 to May
2022

Facilitated progression of tailored N & P plans.
In 2 yrs - 87 growers, 100 Management Units
Included some growers in THE lower Barron - focus through mill area.

Mulgrave
Queensland Systems repair Repair and revegetation e  Greening Australia and undertaken in partnership with Wanyurr-Majay Aboriginal
Government OGBR Sugarcane of wetlands and riparian Corporation and Mulgrave Landcare.

Reef Assist 2

September 2020 to June
2022

cane drainage systems
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Project/Program Focus Objectives Overview Reference

(Year)

Cane to Creek and Pesticide e Works on-farm, small groups to address N & pesticides. Peer-to-peer learning & improves

Cane to Creek 2.0 GBRF | Nutrient - DIN understanding of drivers of water quality impacts.

e Includes water quality testing for pollutants as learning tool.

NLP WT Soil Sediment e  Soil management

Management

July 2019 to October

2021

Project 1622 Nutrient - DIN e Asuite of apps was developed, called 1622™, which combined data from diverse sources

Sugarcane to help sugarcane farmers optimise their crop management and reduce nitrogen losses.

November 2019 to June e The 1622™WQ app displays nitrogen losses at multiple sites within an agricultural

2022 catchment. Growers can see information over a defined time period and can compare
multiple locations within a catchment. Farmers can see the influence of recent rainfall on
water quality, water quality variability across locations, and whether management actions
such as recent fertilising have affected nitrogen losses.

Project Uplift Sediment Improve water quality e  The project works with and recognises growers who tweak their farming system in such a

Nutrient — DIN way that soil health is improved, reducing operational time and cost whilst improving

June 2022 Sugarcane water quality (reduced sediment, reduced DIN, reduced pesticide) for better reef
outcomes.

Johnstone

Wet Tropics Major

Water quality

To demonstrate existing

e  Demonstrated contributions towards improved land management (e.g., 42.399 t modelled

(First Person

Integrated Project including management practices DIN reduction; 24.295 t of DIN reduction through Reef Credits; catchment repair DIN Consulting, 2021;
(WTMIP) nutrients, that have not been reduction estimated at 6.8 t/y). Terrain NRM,
sediments, widely adopted to e  Demonstrated the link between local engagement and the achievement of water quality 2021)
September 2017 to June | pesticides and encourage practice and stewardship outcomes.
2022 behavioural behavioural change with | o  |dentified the importance, and benefits, of place-based, integrated and locally tailored
change a focus on the Tully and approaches and solutions for the design and implementation of water quality
Johnstone catchments. improvement projects.
e  Stakeholder engagement has consistently been identified as an important outcome of the
project.
e  Having local demonstration sites is important to provide landholders with confidence in
the productivity and economic outcomes of potential practice change (e.g., soil health,
fallow management, treatment systems).
Queensland Sediment Reduce sediment e  Malanda, Ithaca-Thiaki and East Palmerston-Nerada sub-catchments in the Atherton
Government Natural Grazing (primarily grazing) runoff Tablelands-Innisfail region south of Cairns.
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Project/Program
(Year)

Focus

Objectives

Overview

Reference

Resources Investment
Program - Upper
Johnstone Integrated
Project

August 2018 to June
2022

in the Upper Johnstone
River by repairing high
priority erosion hot spots
and improving grazing
land management of
high-risk areas.

Earthworks along waterways (Zuni bowls, creek crossing modifications, riverbank re-
shaping), Tree and grass plantings along waterways, fencing off sections of repaired
waterways and alternative water sources for cattle, introducing smaller paddocks and
rotational grazing practices that include more intense grazing for shorter periods, paddock
spells for longer and closer attention to pasture condition as an indicator of grazing times
in paddocks.

1,523 tonnes of sediment prevented from entering the GBR lagoon annually due to
erosion control work on 12 properties.

25,450 native trees planted — 10 ha of land revegetated.

Repairs to 11 gullies - 4.6 ha of land repaired.

23 km of fencing installed to protect streambank that is being remediated and to create
smaller paddocks for more sustainable grazing management practices.

Greater awareness and understanding of soil health, water quality and grazing
management practice change through a series of 12 workshops and12 property visits for
graziers throughout the Region, and both on-farm and online advice from grazing and soil
health specialists.

Australian Government
Project Catalyst

Sugarcane
Nutrients — DIN
Fertiliser
Productivity

Reduce fertiliser
application rates through
planting of a legume
fallow

Multiple projects to support farmers trial new management practices and better
understand soil health on their properties.

Legume cover crop planting

Reduced fertiliser rate.

Recommended reduced Nitrogen application in late ratoons to support improved nitrogen
use efficiency in this crop class and subsequently improve water quality outcomes.
Lower application rates of mud and zonal banding of mud for more targeted application.
Mixed legume crop and mixed species fallow crop trials.

EM map and soil tests to understand and address constraints on production.

Apply wood chips to retain moisture and reduce weed pressure.

Results will allow grower and their advisor to determine the benefits of EEFs for the crop
under seasonal conditions and to further refine rates in the following nutrient
management plan.

Queensland
Government
Department of Science
& Innovation Disaster
Recovery Funding
Arrangements (DRFA) -
Disaster recovery

Sediment
Streambank
repair

Stabilise eroded
streambanks & protect
infrastructure assets

On-ground works to stabilise eroded streambanks via engineering works within the
affected council regions and re-establish vegetation at these streambank locations via
revegetation activities.
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Project/Program
(Year)

Focus

Objectives

Overview

Reference

June 2019 to June 2022

Queensland
Government OGBR
Reef Assist 1 and 2

Systems repair

Revegetation of at-risk
riparian sites.

e  Revegetation to improve condition and extent of woody & non-woody vegetation as well
as skill development and job creation.

September 2020 to June

2022

Queensland Systems repair Revegetation of riparian e Johnstone Region Landcare Group

Government OGBR Sediments sites. e Revegetation of riparian sites along the Johnstone River reducing sediment and nutrient

Reef Assist 2 Nutrients loads entering waterways and extending corridors and habitats for wildlife (including
endangered species such as the Southern Cassowary)

September 2020 to June e  Collection of seeds and propagation of over 100,000 native trees for current and future

2022 projects.

Cane to Creek and Pesticide e Works on-farm, small groups to address N & pesticides. Peer-to-peer learning & improves

Cane to Creek 2.0 GBRF | Nutrient - DIN understanding of drivers of water quality impacts.

e Includes water quality testing for pollutants as learning tool.

Controlled release Nutrient Reduce N loss e CRF (SyncFert) urea with polymer coating - trials in cane.

fertiliser _DESI project

September 2017 to

September 2020

DAF RP 191 Banana Nutrient — DIN e  Trialling different nutrient rates in bananas.

nutrient-Phase 1 & 2 Bananas e  Phase 1 at SJ research facility, 2024 trials will be established at the DAF research facility,
and on additional commercial farms with different soil types and crop management

July 2019 strategies, to examine nutrient management factors including placement, timing and type
of fertiliser.

GBRF Cassowary Coast Nutrient — DIN °

Reef Smart Farming Sugarcane,

bananas

GBRF Mamu Helping
Country - Healthy
Waters Program Phase
2

July 2024 to December
2025

e The proposed project will bring employment opportunities for Mamu People, with the
added benefit of building capacities in Mamu People for sustained career pathways in
waterway management.

e  This project will also focus on transgenerational cultural knowledge transfer.
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Project/Program Focus Objectives Overview Reference
(Year)
Project 1622 Nutrient - DIN e Asuite of apps was developed, called 1622™, which combined data from diverse sources
Sugarcane to help sugarcane farmers optimise their crop management and reduce nitrogen losses.
November 2019 to June e The 1622™WQ app displays nitrogen losses at multiple sites within an agricultural
2022 catchment. Growers can see information over a defined time period and can compare
multiple locations within a catchment. Farmers can see the influence of recent rainfall on
water quality, water quality variability across locations, and whether management actions
such as recent fertilising have affected nitrogen losses.
Project Uplift Sediment Improve water quality e  The project works with and recognises growers who tweak their farming system in such a
Nutrient — DIN way that soil health is improved, reducing operational time and cost whilst improving
June 2022 Sugarcane water quality (reduced sediment, reduced DIN, reduced pesticide) for better reef
outcomes.
RP 191 Banana Nutrient — DIN .
Nutrient Trials Bananas
November 2018 to
October 2023
Tully-Johnstone
Great Barrier Reef Nutrient — DIN Prevent 170 tonnes of e  Providing a 63.2 tonnes/year long-term DIN reduction, primarily by improving farm
Foundation (GBRF) Herbicide DIN entering waterways management practices, conducting local scale water quality monitoring (paddocks and
Tully-Johnstone mgmt. streams) and wetland monitoring and investigations.
Sugarcane, e Annual reduction of 52 tonnes of DIN achieved.
March 2021 to June bananas .

2024

Four on-ground
projects listed below

100 sugarcane and 30 banana farmers.
25,000 ha of production land positively impacted (23,000 ha from cane, and 2,000 from
bananas).
Grower access to tools and extension services.
985 attendees at water quality events.
133 nutrient management plans and nutrient budgets.
10 farmers using the new LAND Hub decision support system.
Communication improvements
e Scientists worked with science communication specialists to convey key messages
to improve grower and extension staff knowledge and understanding.
e Support for delivery partners to interpret and communicate water quality results
from science experts and science communication specialists.
Technological innovations
e Trialled new herbicide application tool for targeting weeds.
e Improved network broadband connectivity enabling better use and uptake of cloud-
based software tools and access to real-time data.
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Project/Program Focus Objectives Overview Reference
(Year)
. *It was identified early that there would be a significant short-fall in the regional-level DIN target set
by the Alluvium Report due to limitations with the original investment scenario and the P2R projector
tool when estimating DIN associated with precision agriculture practices and nitrogen use efficiency.
1. Tully-Johnstone Sediment e  Afine-scale, landholder-led water quality monitoring program which integrates with other

Water Quality
Monitoring Program [L]
2021 to 2024

Nutrient-DIN &
P

Pesticide
Capacity
Partnerships

state and federally funded water quality programs in the Region.
e  3in-paddock monitoring sites and 4 in-stream monitoring sites measured rainfall, how
much water was running off the paddock and amount of nitrogen in the runoff water.
e  Fostered mutual understanding between scientists, extension practitioners, land
managers and farmers.

2. Cassowary Coast

Nutrients — DIN

Improve N use efficiency

e Nitrogen Use Efficiency (NUE), constraints limiting yield and use of novel technologies.

Reef Smart Farming Sugarcane, e 100 sugarcane (19,000 ha) and 30 banana (2,000 ha) farmers.
bananas
3. Wetland monitoring Hydrology, Increase understanding e  One natural and one constructed wetland monitored.
nutrient about potential wetland e Increased understanding of wetland hydrological processes, nutrient dynamics and the
dynamics role in water quality role these landscape features play in improving the quality of agricultural runoff.
management
4. Local Area Nutrient Nutrients Improved nutrient e Collects data on crop history, land topography, EM mapping and soil composition to inform
Datahub (LAND) Sugarcane management plans Six Easy Steps nutrient management plans supporting rapid on-ground decision making.
e Quality and accessibility of data has supported practice change.
e Combination of agronomic and technical support improved economic and environmental
sustainability.
Great Barrier Reef Nutrient — DIN Increase understanding e  Monitoring wetlands for nitrogen and sediment removal efficacy is crucial to extending
Foundation (GBRF) - Sediment of nitrogen and sediment our understanding of the role of these landscape features in improving the quality of

Tully Johnstone
Wetland Restoration

April 2023 to June 2024

removal efficacy

agricultural runoff.

e Aid future GBR water quality management by generating data to inform treatment
wetland projects and modelling.

e  Support the future incorporation of wetland processes into P2R Program Monitoring
reinstated at MIP Wetland #1 and expanded at MIPs Constructed Wetland #2 to include
hydrological investigations.

Tully

Wet Tropics Major
Integrated Project
(WTMIP)

September 2017 to June
2022

Water quality
including
nutrients,
sediments,
pesticides and
behavioural
change

To demonstrate existing
management practices
that have not been
widely adopted to
encourage practice and
behavioural change with
a focus on the Tully and
Johnstone catchments.

e  Demonstrated contributions towards improved land management (e.g., 42.399 t modelled
DIN reduction; 24.295 t of DIN reduction through Reef Credits; catchment repair DIN
reduction estimated at 6.8 t/y).

e Demonstrated the link between local engagement and the achievement of water quality
stewardship outcomes.

e Identified the importance, and benefits, of place-based, integrated and locally tailored
approaches and solutions for the design and implementation of water quality
improvement projects.

(First Person

Consulting, 2021;

Terrain NRM,
2021)
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Project/Program Focus Objectives Overview Reference
(Year)
e  Stakeholder engagement has consistently been identified as an important outcome of the
project.
e  Having local demonstration sites is important to provide landholders with confidence in
the productivity and economic outcomes of potential practice change (e.g. soil health,
fallow management, treatment systems).
[ ]
Australian Government | Sugarcane Improve farming e  The project helped speed up the development of innovative farming practices that

Project Catalyst

Nutrients - DIN

performance and

improve the quality of water leaving cane farms - 33 cane farms with 37 projects across

environmental outcomes Wet Tropics.
July 2016 to June 2019
Queensland Sediment Stabilise eroded e On-ground works to stabilise eroded streambanks via engineering works within the
Government Streambank streambanks & protect affected council regions and re-establish vegetation at these streambank locations via
Department of Science | repair infrastructure assets revegetation activities.
& Innovation Disaster
Recovery Funding
Arrangements (DRFA) -
Disaster recovery
June 2019 to June 2022
DoR/DESI -Tully Nutrient e Maintenance and support for installation of equipment and sample collection
Wetland Sediment e  Project collected fundamental data, including carbon, soil, hydrological, biochemical,
Pesticide biological and constituent loads (nutrient, pesticide, and sediment) from a natural
November 2023 to Hydrology palustrine wetland to improve process understanding, and facilitate decision making tools.
September 2024 and wetland model development by providing data for calibration and validation.
e Inform P2R modelling - baseline information for potential upscaling.
QFPI (DAF) Weed Pest mgmt. e  Strategic audit of emerging weeds in the Upper Tully/Murray catchments - focus on Pond
Survey Apple (not found in Kennedy catchment but found in Tully tributaries).
October 2023 to June
2024
Controlled release Nutrient Reduce N loss e CRF (SyncFert) urea with polymer coating - trials in cane.
fertiliser _DESI project
September 2017 to
September 2020
DAF RP 191 Banana Nutrient — DIN e  Trialling different nutrient rates in bananas.
nutrient-Phase 1 & 2 Bananas e  Phase 1 at SJ research facility, 2024 trials will be established at the DAF research facility,

and on additional commercial farms with different soil types and crop management
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Project/Program Focus Objectives Overview Reference

(Year)

July 2019 strategies, to examine nutrient management factors including placement, timing and type
of fertiliser.

NESP 5.8 (grazing) Nutrient - DIN e  Tracing the origin and fate of the environmentally detrimental sediment

what’s really damaging e Quantified DIN generation associated with sediment in riverine plumes entering the GBR

the Reef? lagoon.

February 2019 to April

2021

NLP WT Soil Sediment e  Soil management

Management

July 2019 to October

2021

Project 1622 Nutrient - DIN e  Asuite of apps was developed, called 1622™, which combined data from diverse sources

Sugarcane to help sugarcane farmers optimise their crop management and reduce nitrogen losses.

November 2019 to June e  The 1622™WQ app displays nitrogen losses at multiple sites within an agricultural

2022 catchment. Growers can see information over a defined time period and can compare
multiple locations within a catchment. Farmers can see the influence of recent rainfall on
water quality, water quality variability across locations, and whether management actions
such as recent fertilising have affected nitrogen losses.

RP 191 Banana Nutrient — DIN .

Nutrient Trials Bananas

November 2018 to

October 2023

Murray

Australian Government | Sugarcane Improve farming e  The project helped speed up the development of innovative farming practices that

Project Catalyst

Nutrients - DIN

performance and

improve the quality of water leaving cane farms - 33 cane farms with 37 projects across

environmental outcomes Wet Tropics.
July 2016 to June 2019
Queensland Sediment Stabilise eroded e On-ground works to stabilise eroded streambanks via engineering works within the
Government Streambank streambanks & protect affected council regions and re-establish vegetation at these streambank locations via
Department of Science | repair infrastructure assets revegetation activities.

& Innovation Disaster
Recovery Funding
Arrangements (DRFA) -
Disaster recovery
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Project/Program
(Year)

Focus

Objectives

Overview

Reference

June 2019 to June 2022
Fish Homes and Connectivity Remove barriers to e  Project included aquatic weed control, feral pig management and streambank stabilisation
Highways aquatic connectivity as well as engineering works at road crossings.
e  Six fishways built between Tully and Crystal Creek near Paluma
September 2020 to June
2023
Australian Government | Nutrient — DIN Improve productivity & e Agricultural extension support to growers
Reef Trust VII Sugarcane reduce nutrient runoff e Focus on identifying and addressing crop constraints
Mobilising Murray & e  Water quality monitoring and on-farm treatment of runoff
Mossman e Held Drains workshop with Sydney expert to preceded works in Murray & Mossman.
e Whole of farm planning.
January 2021 to June e Improve productivity & NUE-address soil constraints including Ratoon Stunting Disease.
2023 e  Oneon one & peer to peer.
e Wetland and drains (vegetated) work.
Queensland Riparian Revegetation of at-risk e  Revegetation to improve condition and extent of woody & non-woody vegetation as well
Government OGBR revegetation riparian sites. as skill development and job creation.

Reef Assist 1 and 2

September 2020 to June
2022
QFPI (DAF) Weed Pest mgmt. e  Strategic audit of emerging weeds in the Upper Tully/Murray catchments - focus on Pond
Survey Apple (not found in Kennedy catchment but found in Tully tributaries).
October 2023 to June
2024
Cane to Creek and Pesticide e Works on-farm, small groups to address N & pesticides. Peer-to-peer learning & improves
Cane to Creek 2.0 GBRF | Nutrient - DIN understanding of drivers of water quality impacts.
e Includes water quality testing for pollutants as learning tool.
Controlled release Nutrient Reduce N loss e CRF (SyncFert) urea with polymer coating - trials in cane.
fertiliser _DESI project
September 2017 to
September 2020
DAF RP 191 Banana Nutrient — DIN e Trialling different nutrient rates in bananas.
nutrient - Phase 1 & 2 Bananas e  Phase 1 at SJ research facility, 2024 trials will be established at the DAF research facility,

July 2019

and on additional commercial farms with different soil types and crop management
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Project/Program Focus Objectives Overview Reference
(Year)
strategies, to examine nutrient management factors including placement, timing and type
of fertiliser.
NLP WT Soil Sediment e  Soil management
Management
July 2019 to October
2021
Herbert
Australian Government | Sediment Improving water quality e Across all sites, sediment savings now total 2,000+ tonnes each year
Reef Trust IV Herbert through catchment and e  Major earthworks on four cattle stations (e.g., rock chutes, bund walls, a basin)
Gully Erosion Project gully remediation e 15 workshops, engaging landholders on grazing naturally and soil health
e 14 km of fencing and new watering points to keep stock off stream banks
June 2017 to November e 4 hectares of revegetation across three remediation sites
2023 e  Woodleigh Station named Queensland’s ‘Reef Champion — Sediment’ Award winner for
erosion control work in 2019
Australian Government | Sugarcane Reduce N applications in e Multiple projects to support farmers trial new management practices and better
Project Catalyst Nutrients —DIN | older ratoons where understand soil health on their properties.

Fertiliser possible. Explore e Nutrient Management Plans produced for multiple growers.

Productivity amelioration practicesto | ¢  Recommended reduced Nitrogen application in late ratoons to support improved nitrogen
manage soil constraints use efficiency in this crop class and subsequently improve water quality outcomes.
relating to pH and e Lower application rates of mud and zonal banding of mud for more targeted application.
Calcium. e  Mixed legume crop and mixed species fallow crop trials.

e EM map and soil tests to understand and address constraints on production.

e  Apply wood chips to retain moisture and reduce weed pressure.

e Results will allow grower and their advisor to determine the benefits of EEFs for the crop
under seasonal conditions and to further refine rates in the following nutrient
management plan.

Queensland Sediment Stabilise eroded e On-ground works to stabilise eroded streambanks via engineering works within the
Government Streambank streambanks & protect affected council regions and re-establish vegetation at these streambank locations via
Department of Science | repair infrastructure assets revegetation activities.

& Innovation Disaster
Recovery Funding
Arrangements (DRFA) -
Disaster recovery

June 2019 to June 2022
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Project/Program Focus Objectives Overview Reference
(Year)
Fish Homes and Connectivity Remove barriers to e  Project included aquatic weed control, feral pig management and streambank stabilisation
Highways aquatic connectivity as well as engineering works at road crossings.
e  Six fishways built between Tully and Crystal Creek near Paluma
September 2020 to June e One of the remediation sites was a rock weir on the lower part of the Herbert River,
2023 known as Gedges Crossing, which cut off 250km of potential upstream habitat for small
fish during certain parts of the year. Remediation work involved the installation of a rock
ramp fishway.
Upper Herbert Water Sediment Prevent loss 13 kt of fine On-ground engineering works as well as grazing management extension to reduce fine (Reef Trust
Quality Program sediment from grazing sediment through gully and streambank remediation and GLM-improved soil health & pasture Partnership
(Australian land. rotation. 2024a)
Government Reef Trust e Annual reduction of 3.7 kilotonnes of fine sediment achieved*.
and GBRF) e 68 graziers attended 17 workshops and training events.
e 56,000 ha of grazing land under changing management practices.
2020 to 2024 ¢ Independent verification and engagement
e External verification of reporting.
Two focal areas listed e Governance model
below e Recognised importance of local leadership and oversight, as well as strategic and
technical guidance.
. * It was identified early that there would be a significant short-fall in the regional-level sediment
target set by the Alluvium Report due to disparity between sediment calculation tools and the
substantial underestimation of the original costs associated with on-ground activities to meet the
Program target in this region. The contracted target was met.
1. Grazing Land Improved Fine sediment reductions | e 3 whole-of-property plans completed including:
Management: Three grazing e Reduced stocking rates to increase groundcover and woody weed management
whole-of-property practices e Implemented rotational grazing systems and seasonal spelling.
plans e Fencing off river frontages and installing off-stream watering systems
e Fire management.
e Expert advice for graziers on land management practice change.
Access to new data on soil health and link to pasture management and erosion prevention.
2. Landscape Streambank Fine sediment reductions | e  Cost-effective gully and streambank remediation sites prioritised using the Gully and
Remediation rehabilitation Streambank Toolbox and Gully Erosion and Streambank Erosion Control Assessment Tools.
and gully e 500 m of degraded streambank rehabilitated and revegetated (timber piles and
remediation vegetation).

e Two large gullies remediated
e Revegetated to prevent future erosion.
e Rock chutes, earthen bunds and rock check dams
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Project/Program
(Year)

Focus

Objectives

Overview

Reference

Lower Herbert Water
Quality Program
(Australian
Government Reef Trust
and GBRF)

2020 to 2024

Six projects listed below

DIN reduction —
sugarcane —
improved
management
practices

Prevent 142 tonnes of
DIN from sugarcane land
entering waterways

e Annual reduction of 143 tonnes of DIN achieved.
e 279 sugarcane farmers improved nutrient management practices
e >35,500 ha of sugarcane growing land positively impacted (~48% of growers in the Lower
Herbert region, and 54% of entire Herbert sugarcane production area).
e  Productivity maintained or improved for engaged growers.
e 1,696 attendees at Lower Herbert Water Quality Program events.
e Value-add projects added during the Program where opportunities were identified (e.g.,
alternative methods for assessing mill mud and harvester productivity data collection).
e Independent verification and engagement
e External verification of reporting.
e Opportunities for growers to share experiences in programs.
e Communication improvements
e Scientists worked with science communication specialists to convey key messages
to improve grower and extension staff knowledge and understanding.
e Support and training provided for the interpretation and communication of water
quality results to growers.
e Communication materials focused on positive outcomes.

Lower Herbert
Water Quality
Program:
Achievement and
Learnings (Reef
Trust and GBRF
2024)

1. Reef Credits

Market-based

Water quality

e  Credits for land management change

solution improvements that go
above regulatory
requirements
2. Modernising on-farm Optimise nutrient e  Trialled mill mud spreading spinner trucks to reduce application rates.
mill mud application application e Since 2021, 15% increase in mill mud application more than 30 km from the mill.
e  Positive impact on farms and waterways.
3. Project Catalyst Management e 30 cane growers assessed existing farming practices and adopted changes.

practice change

o Networking events were key including shed meetings, field days and an annual forum of
the grower network encouraging ‘peer to peer’ learning.

4. Lower Herbert Major
Grants Program

Nutrient
reduction

Support farmers to
upgrade or purchase
equipment to support
improved practices

e Eligibility requirements established.

e 94 cane growers involved.

e Actions included matching nitrogen supply to crop nitrogen requirements, timing of
fertiliser application and/or fertiliser application.

e  Growers also supported to achieve SmartCane BMP accreditation.

5. LANDhub (Local Area
Nutrient Datahub)

Improved nutrient
management plans

e Collects data on crop history, land topography, EM mapping and soil composition to inform
Six Easy Steps nutrient management plans supporting rapid on-ground decision making.

e Quality and accessibility of data has supported practice change.

e Combination of agronomic and technical support improved economic and environmental
sustainability.
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Project/Program
(Year)

Focus

Objectives

Overview

Reference

6. Project CaNE™ (Crop
and Nutrient Efficiency)

e 145 cane growers supported to develop whole-of-farm nutrient management plans.

e Agronomic support.

e Water quality monitoring program (real-time) underpinned with range of extension
approaches including face-to-face, group extension and media.

DES Reef Place-based

Partnerships

e Stage One, will identify, engage, and convene stakeholders who are able to generate ideas

Herbert Integrated Nutrient to improve reef water quality whilst adding value to whole-of-catchment and local
project - Stage 1 Sediment economies through a range of cross-sectoral settings in the Herbert catchment.
Pesticide
March 2024 to June Ecosystem
2024 biodiversity
Hydrology
Economy
Cane to Creek and Pesticide e Works on-farm, small groups to address N & pesticides. Peer-to-peer learning & improves
Cane to Creek 2.0 GBRF | Nutrient - DIN understanding of drivers of water quality impacts.
e Includes water quality testing for pollutants as learning tool.
GBRF Lower Herbert - Nutrient - DIN e Prototype mill mud spreader-reduced amounts.
On-Farm Mill Mud
Application
GBRF Lower Herbert - Nutrient - DIN Reduce 140 t DIN .
Project CaNE
June 2024
GBRF Lower Herbert - Nutrient - DIN e Specifically tailored NMPs to increase understanding production and productivity
Project LAND (Local influencers
Area Nutrient
Datahub)
GBRF - N Insurance Nutrient - DIN e Manage risks of reduced yields from reduced N inputs.
NLP WT Soil Sediment e Soil management
Management
July 2019 to October
2021
Project 1622 Nutrient - DIN e Asuite of apps was developed, called 1622™, which combined data from diverse sources
Sugarcane to help sugarcane farmers optimise their crop management and reduce nitrogen losses.
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Project/Program Focus Objectives Overview Reference
(Year)
November 2019 to June e  The 1622™WQ app displays nitrogen losses at multiple sites within an agricultural
2022 catchment. Growers can see information over a defined time period and can compare
multiple locations within a catchment. Farmers can see the influence of recent rainfall on
water quality, water quality variability across locations, and whether management actions
such as recent fertilising have affected nitrogen losses.
RP 161 Precision Ag in Sediment e  Worked with 141 farms.
Herbert Nutrient — DIN e  Tailored nutrient and whole of farm management plans.
&P e  Delivered through engagement and workshops (Farming 4 CASH)
April 2019 to November | Pesticide e Developed a spatial database to map practice improvements and changes.
2021 Horticulture,
sugarcane
RP166 Enhanced Nutrient — DIN e  Deep Drainage Monitoring
Efficiency Fertiliser Sugarcane e  Enhanced-Efficiency Fertilisers (EEFs, including controlled-release urea and nitrification

October 2016 to June
2020

inhibitor-coated urea) for improving nitrogen use efficiency by crops and reducing
fertiliser nitrogen loss through leaching.
e  Herbert-cane
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Get involved
To find out more about the Wet Tropics Regional Water Quality Strategy, or to

connect with delivery programs in your area, contact Terrain NRM.
Phone: (07) 4043 8000
Website: www.terrain.org.au

Email:  info@terrain.org.au

REEF TR

Australian Government

The Wet Tropics Regional Water Quality Strategy 2025-2035 is funded by the Australian Government’s Landscape Repair
Program.

Prepared by Katie Sambrook, Jane Waterhouse, Rachael Smith, Bianca Molinari and Mari-Carmen Pineda (C,0 Consulting)
and Tracy Schultz (University of Queensland), in collaboration with Fiona Barron (Terrain NRM)
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